wo 01/79444 



PCT/USOl/12013 



Product Design and Performance, Smolen and Ball (eds.), Wiley, New York (1984); Ranger 
and Peppas, J., Macromol. Sci. Rev. Macromol. Chem. 23:61 (1983); see also Levy et al.. 
Science 228:190 (1985); During et al., Ann. Neurol. 25:351 (1989); Howard et al., 
J.Neurosurg. 71:105 (1989)). In yet another embodiment, a controlled release system can be 
5 placed in proximity of the therapeutic target, e.g., the brain, thus requiring only a freiction of 
the systemic dose (see, e.g., Goodson, in Medical Applications of Controlled Release, 
supra, vol. 2, pp. 115-138 (1984)). 

Other controlled release systems are discussed in the review by Langer (Science 
249:1527-1533(1990)). 

10 In a specific embodiment where the compound of the invention is a nucleic acid 

encoding a protein, the nucleic acid can be administered in vivo to promote expression of its 
encoded protein, by constructing it as part of an appropriate nucleic acid expression vector 
and administering it so that it becomes intracellular, e.g., by use of a retroviral vector (see 
U.S. Patent No. 4,980,286), or by direct injection, or by use of microparticle bombardment 

15 (e.g., a gene gun; Biolistic, Dupont), or coating with lipids or cell-surface receptors or 
transfecting agents, or by administering it in linkage to a homeobox- like peptide which is 
kriown to enter the nucleus (see e.g., Joliot et al., Proc. Natl. Acad. Sci. USA 88:1864-1868 
(1991)), etc. Alternatively, a nucleic acid can be introduced intracellularly and incorporated 
within host cell DNA for expression, by homologous recombination. 

20 The present invention also provides pharmaceutical compositions. Such compositions 

comprise a therapeutically effective amount of a compound, and a pharmaceutically 
acceptable carrier. In a specific embodiment, the term "pharmaceutically acceptable" means 
approved by a regulatory agency of the Federal or a state government or listed in the U.S. 
Pharmacopeia or other generally recognized pharmacopeia for use in animals, and more 
. 25 particularly in humans. The term "carrier" refers to a diluent, adjuvant, excipient, or vehicle 
with which the therapeutic is administered. Such pharmaceutical carriers can be sterile 
liquids, such as water and oils, including those of petroleum, animal, vegetable or synthetic 
origin, such as peanut oil, soybean oil, mineral oil, sesame oil and the like. Water is a 
preferred carrier when the pharmaceutical composition is administered intravenously. Saline 

30 solutions and aqueous dextrose and glycerol solutions can also be employed as liquid carriers, 
p2«1icularly for injectable solutions. Suitable pharmaceutical excipients include starch, 
glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium stearate, glycerol 
monostearate, talc, sodium chloride, dried skim milk, glycerol, propylene, glycol, water, 
ethanol and the like. The composition, if desired, can also contain minor amounts of wetting 

35 or emulsifying agents, or pH buffering agents. These compositions can take the form of 
solutions, suspensions, emulsion, tablets, pills, capsules, powders, sustained-release 
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formulations and the like. The composition can be formulated as a suppository, with 
traditional binders and carriers such as triglycerides. Oral formulation can include standard 
carriers such as pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, 
sodium saccharine, cellulose, magnesium carbonate, etc. Examples of suitable 
5 pharmaceutical carriers are described in "Remington's Pharmaceutical Sciences" by E.W. 
Martin. Such compositions will contain a therapeutically effective amount of the compound, 
preferably in purified form, together with a suitable amount of carrier so as to provide the 
form for proper adnfiinistration to the patient. The formulation should suit the mode of 
administration. 

10 In a preferred embodiment, the composition is formulated in accordance with routine 

procedures as a pharmaceutical composition adapted for intravenous administration to human 
beings. Typically, compositions for intravenous administration are solutions in sterile 
isotonic aqueous buffer. Where necessary, the composition may also include a solubilizing 
agent and a local anesthetic such as lignocaine to ease pain at the site of the injection. 

15 Generally, the ingredients are supplied either separately or mixed together in unit dosage 
form, for example, as a dry lyophilized powder or water free concentrate in a hermetically 
sealed container such as an ampoule or sachette indicating the quantity of active agent Where 
the composition is to be administered by infusion, it can be dispensed with an infusion bottle 
containing sterile pharmaceutical grade water or saline. Where the composition is 

20 administered by injection, an ampoule of sterile water for injection or saline can be provided 
so that the ingredients may be mixed prior to administration. 

The compounds of the invention can be formulated as neutral or salt forms. 
Pharmaceutically acceptable salts include those formed with anions such as those derived 
from hydrochloric, phosphoric, acetic, oxalic, tartaric acids, etc., and those formed with 

25 cations such as those derived from sodium, potassium, ammonium, calcium, ferric 
hydroxides, isopropylamine, triethylamine, 2-ethylamino ethanol, histidine, procaine, etc. 

The amount of the compound of the invention which will be effective in the treatment, 
inhibition and prevention of a disease or disorder associated with aberrant expression and/or 
activity of a Therapeutic protein can be determined by standard clinical techniques. In 

30 addition, in vitro assays may optionally be employed to help identify optimal dosage ranges. 
The precise dose to be employed in the formulation will also depend on the route of 
administration, and the seriousness of the disease or disorder, and should be decided 
according to the judgment of the practitioner and each patient's circumstances. Effective 
doses may be extrapolated from dose-response curves derived from in vitro or animal model 

35 test systems. 
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For antibodies, the dosage administered to a patient is typically 0.1 mg/kg to 100 
mg/kg of the patient's body weight. Preferably, the dosage administered to a patient is 
between 0. 1 mg/kg and 20 mg/kg of the patient's body weight, more preferably 1 mg/kg to 
10 mg/kg of the patient's body weight. Generally, human antibodies have a longer half-life 
5 within the human body than antibodies from other species due to the immune response to the 
foreign polypeptides. Thus, lower dosages of human antibodies and less frequent 
administration is often possible. Further, the dosage and frequency of administration of 
antibodies of the invention may be reduced by enhancing uptake and tissue penetration (e.g., 
into the brain) of the antibodies by modifications such as, for example, lipidation. 

10 

^ Diagnosis and Imaging 

Labeled antibodies and derivatives and analogs thereof that bind a Therapeutic protein 
(or fragment or variant thereof) (mcluding albumin fusion proteins comprising at least a 

15 fragment or variant of an antibody that binds a Therapeutic protein), can be used for 
diagnostic purposes to detect, diagnose, or monitor diseases, disorders, and/or conditions 
associated with the aberrant expression and/or activity of Therapeutic protein. The invention 
provides for the detection of aberrant expression of a Therapeutic protein, comprising (a) 
assaying the expression of tiie Therapeutic protein in cells or body fluid of an individual using 

20 one or more antibodies specific to the polypeptide interest and (b) comparing the level of gene 
expression with a standard gene expression level, whereby an increase or decrease in the 
assayed Therapeutic protein expression level compared to the standard expression level is 
indicative of aberrant expression. 

The invention provides a diagnostic assay for diagnosing a disorder, comprising (a) 

25 assaying the expression of the Therapeutic protein in cells or body fluid of an individual using 
one or more antibodies specific to the Therapeutic protein or albumin fusion proteins 
comprising at least a fragment of variant of an antibody specific to a Therapeutic protein, and 
(b) comparing the level of gene expression with a standard gene expression level, whereby an 
increase or decrease in the assayed Therapeutic protein gene expression level compared to the 

30 standard expression level is indicative of a particular disorder. With respect to cancer, the 
presence of a relatively high amount of transcript in biopsied tissue from an individual may 
indicate a predisposition for tiie development of tiie disease, or may provide a means for 
detecting the disease prior to the appearance of actual clinical symptoms. A more definitive 
diagnosis of this type may allow health professionals to employ preventative measures or 

35 aggressive treatment earlier thereby preventing the development or further progression of tiie 
cancer. 
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Antibodies of the invention or albumin fusion proteins comprising at least a fragment 
of variant of an antibody specific to a Therapeutic protein can be used to assay protein levels 
in a biological sample using classical immunohistological methods known to those of skill in 
the art (e.g., see Jalkanen et al., J. Cell. Biol. 101:976-985 (1985); Jalkanen et al., J. Cell . 
5 Biol. 105:3087-3096 (1987)). Other antibody-based methods useful for detecting protein 
gene expression include immunoassays, such as the enzyme linked immunosorbent assay 
(ELISA) and the radioimmunoassay (RIA). Suitable antibody assay labels are known in the 
art and include enzyme labels, such as, glucose oxidase; radioisotopes, such as iodine (1251, 
1211), carbon (14C), sulfur (35S), tritium (3H), indium (112In), and technetium (99Tc); 

10 lunMuescent labels, such as luminol; and fluorescent labels, such as fluorescein and 
rhodamine, and biotin. 

One facet of the invention is the detection and diagnosis of a disease or disorder 
associated with aberrant expression of a Therapeutic protein in an animal, preferably a 
mammal and most preferably a hiunan. In one embodiment, diagnosis comprises: a) 

15 administering (for example, parenterally, subcutaneously, or intraperitoneally) to a subject an 
effective amount of a labeled molecule which specifically binds to the polypeptide of interest; 
b) waiting for a^ time interval following the administering for permitting the labeled molecule 
to preferentially concentrate at sites in the subject where the Therapeutic protein is expressed • 
(and for unbound labeled molecule to be cleared to background level); c) determining 

20 background level; and d) detecting the labeled molecule in the subject, such that detection of 
labeled molecule above the background level indicates that the subject has a particular disease 
or disorder associated with aberrant expression of the Therapeutic protein. Background level 
can be determined by various methods including, comparing the amount of labeled molecule 
detected to a standard value previously determined for a particular system. 

25 It will be understood in the art that the size of the subject and tlie imaging system used 

will determine the quantity of imaging moiety needed to produce diagnostic images. In the 
case of a radioisotope moiety, for a human subject, the quantity of radioactivity injected will 
normally range from about 5 to 20 milUcuries of 99mTc. The labeled antibody ,antibody 
fragment, or albumin fusion protein comprising at least a fragement or variant of an antibody 

30 that binds a Therapeutic protein will then preferentially accumulate at the location of cells 
which contain the specific Therapeutic protein. In vivo tumor imaging is described in S.W. 
Burchiel et al., *Tmmunopharmacokinetics of Radiolabeled Antibodies and Their Fragments." 

(Chapter 13 in Tumor Imaging: The Radiochemical Detection of Cancer, S.W. Burchiel and 
B. A. Rhodes, eds., Masson Publishing Inc. (1982)). 

35 Depending on several variables, including the type of label used and the mode of 

administration, the time interval following the administration for permitting the labeled 
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molecule to preferentially concentrate at sites in the subject and for unbound labeled molecule 
to be cleared to background level is 6 to 48 hours or 6 to 24 hours or 6 to 12 hours. In 
another embodiment the time interval foUov^ing administration is 5 to 20 days or 5 to 10 days. 
In an embodiment, monitoring of the disease or disorder is carried out by repeating the 
5 method for diagnosing the disease or disease, for example, one month after initial diagnosis, 
six months after initial diagnosis, one year after initial diagnosis, etc. 

Presence of the labeled molecule can be detected in the patient using methods known 
in the art for in vivo scanning. These methods depend upon the type of label used. Skilled 
artisans will be able to determine the appropriate method for detecting a particular label. 

10 Methods and devices that may be used in the diagnostic methods of the invention include, but 
are not limited to, computed tomography (CT), whole body scan such as position errdssion 
tomography (PET), magnetic resonance imaging (MRI), and sonography. 

In a specific embodiment, the molecule is labeled with a radioisotope and is detected in 
the patient using a radiation responsive surgical instrument (Thurston et al., U.S. Patent No. 

15 5,441,050). In another embodiment, the molecule is labeled with a fluorescent compound 
and is detected in the patient using a fluorescence responsive scanning instrument. In another 
embodiment, the molecule is labeled with a positron emitting metal and is detected in the 
patent using positron emission-tomography. In yet another embodiment, the molecule is 
labeled with a paramagnetic label and is detected in a patient using magnetic resonance 

20 imaging (MRI). 

Kits 

The present invention provides kits that can be used in the above methods. In one 
embodiment, a kit comprises an antibody, preferably a purified antibody, in one or more 

25 containers. In a specific embodiment, the kits of the present invention contain a substantially 
isolated polypeptide comprising an epitope which is specifically immunoreactive with an 
antibody included in the kit. Preferably, the kits of the present invention further comprise a 
control antibody which does not react with the polypeptide of interest In another specific 
embodiment, the kits of the present invention contain a means for detecting the binding of an 

30 antibody to a polypeptide of interest (e.g., the antibody may be conjugated to a detectable 
substrate such as a fluorescent compound, an enzymatic substrate, a radioactive compound or 
a luminescent compound, or a second antibody which recognizes the fu-st antibody may be 
conjugated to a detectable substrate). 

In another specific embodiment of the present invention, the kit is a diagnostic kit for 

35 use in screening serum containing antibodies specific against proliferative and/or cancerous 
polynucleotides and polypeptides. Such a kit may include a control antibody that does not 
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react with the polypeptide of interest. Such a kit may include a substantially isolated 
polypeptide antigen comprising an epitope which is specifically inmiunoreactive with at least 
one anti-polypeptide antigen antibody. Further, such a kit includes means for detecting the 
binding of said antibody to the antigen (e.g., the antibody may be conjugated to a fluorescent 
5 compound such as fluorescein or rhodamine which can be detected by flow cj^ometry). In 
specific embodiments, the kit may include a recombinantiy produced or chemically 
synthesized polypeptide antigen. The polypeptide antigen of the kit may also be attached to a 
solid support. 

In a more specific embodiment the detecting means of the above-described kit includes 
10 a solid support to which said polypeptide antigen is attached. Such a kit may also include a 
non-attached reporter-labeled anti-human antibody. In tins embodknent, bindmg of tiie 
antibody to the polypeptide antigen can be detected by binding of the said reporter-Iabeled 
antibody. 

In an additional embodiment, the invention includes a diagnostic kit for use in 

15 screening serum containing antigens of the polypeptide of the invention. The diagnostic kit 
includes a substantially isolated antibody specifically immunoreactive with polypeptide or 
polynucleotide antigens, and means for detecting the binding of the polynucleotide or 
polypeptide antigen to the antibody. In one embodiment, the antibody is attached to a solid 
support. In a specific embodiment, the antibody may be a monoclonal antibody. The detecting 

20 means of the kit may include a second, labeled monoclonal antibody, Altematively, or in 
addition, the detecting means may include a labeled, competing antigen. 

In one diagnostic configuration, test serum is reacted with a solid phase reagent 
having a surface-bound antigen obtained by the methods of the present invention. After 
binding witii specific antigen antibody to die reagent and removing unbound serum 

25 components by washing, the reagent is reacted with reporter-labeled anti-human antibody to 
bind reporter to the reagent in proportion to the amount of bound anti-antigen antibody on the 
solid support. The reagent is again washed to remove unbound labeled antibody, and the 
amount of reporter associated with the reagent is determined. Typically, the reporter is an 
enzyme which is detected by incubating the solid phase in the presence of a suitable 

30 fluorometric, luminescent or colorimetric substrate (Sigma, St. Louis, MO). 

The solid surface reagent in the above assay is prepared by known techniques for 
attaching protein material to solid support material, such as polymeric beads, dip sticks, 96- 
well plate or filter material. These attachment methods generally include non-specific 
adsorption of the protein to the support or covalent attachment of the protein, typically 

35 through a free amine group, to a chemically reactive group on the solid support, such as an 
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activated carboxyl, hydroxyl, or aldehyde group. Alternatively, streptavidin coated plates can 
be used in conjunction with biotinylated antigen(s). 

Thus, the invention provides an assay system or kit for carrying out this diagnostic 
method. The kit generally includes a support with surface-bound recombinant antigens, and a 
5 reporter-labeled anti-human antibody for detecting surface-bound anti-antigen antibody. 

Albumin Fusion Proteins 

The present invention relates generally to albumin fusion protems and metiiods of 

10 treating, preventing, or ameliorating diseases or disorders. As used herein, "albumin fusion 
protein" refers to a protein formed by the fusion of at least one molecule of albumin (or a 
fragment or variant thereof) to at least one molecule of a Therapeutic protein (or f ragnient or 
variant thereof). An albumin fusion protein of the invention comprises at least a fragment or 
variant of a Therapeutic protein and at least a fragment or variant of human serum albumin, 

15 which are associated with one another, preferably by genetic fusion (i.e., the albumin fusion 
protein is generated by translation of a nucleic acid in which a polynucleotide encoding all or a 
portion of a Therapeutic protein is joined in-firame with a polynucleotide encoding all or a 
portion of albumin) or chemical conjugation to one another. The Therapeutic protein and 
albumin protein, once part of the albumin fusion protein, may be referred to as a "portion", 

20 "region" or "moiety" of the albumin fusion protein. 
' In one embodiment, the invention provides an albumin fusion protein comprising, or 

alternatively consisting of, a Therapeutic protein (e.g., as described in Table 1) and a serum 
albumin protein. In other embodiments, the invention provides an albumin fusion protein 
comprising, or alternatively consisting of, a biologically active and/or therapeutically active 

25 fragment of a Therapeutic protein and a serum albumin protein. In other embodiments, the 
invention provides an albumin fusion protein comprising, or alternatively consisting of, a 
biologically active and/or therapeutically active variant of a Therapeutic protein and a serum 
albumin protein. In preferred embodiments, the serum albumin protein component of the 
albumin fusion protein is the mature portion of serum albumin. 

30 In further embodiments, the invention provides an albumin fusion protein comprising, 

or alternatively consisting of, a Therapeutic protein, and a biologically active and/or 
therapeutically active fragment of serum albumin. In further embodiments, the invention 
provides an albumin fusion protein comprising, or alternatively consisting of, a Therapeutic 
protein and a biologically active and/or therapeutically active variant of serum albumin. In 

35 preferred embodiments, the Therapeutic protein portion of the albiunin fusion protein is the 
mature portion of the Therapeutic protein. 
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In further embodiments, the invention provides an albumin fusion protein comprising, 
or alternatively consisting of, a biologically active and/or therapeutically active fragment or 
variant of a Therapeutic protein and a biologically active and/or therapeutically active fragment 
or variant of serum albumin. In preferred embodiments, the invention provides an albumin 
5 fusion protein comprising, or alternatively consisting of, the mature portion of a Therapeutic 
protein and the mature portion of serum fdbumin. 

Preferably, the albumin fusion protein comprises HA as the N-terminal portion, and a 
Therapeutic protein as the C-terminal portion. Alternatively, an albumin fusion protein 
comprising HA as the C-terminal portion, and a Therapeutic protein as the N-terminal portion 

10 may also be used. 

In other embodiments, the albumin fusion protein has a Therapeutic protein fused to 
both the N-terminus and the C-terminus of albumin. In a preferred embodiment, the 
Therapeutic proteins fused at the N- and C- termini are the same Therapeutic proteins. In a 
preferred embodiment, the Therapeutic proteins fused at the N- and C- termini are different 

1 5 Therapeutic proteins. In another preferred embodiment, the Therapeutic proteins fused at the 
N- and C- termini are different Therapeutic proteins which may be used to treat or prevent the 
same disease, disorder, or condition (e.g. as listed in the "Preferred Indication Y" colunm of 
Table 1). In another preferred embodiment, the Therapeutic proteins fused at the N- and C- 
termini are different Therapeutic proteins which may be used to treat or prevent diseases or 

20 disorders (e.g. as listed in the "Preferred Indication Y" column of Table 1) which are known 
in the art to commonly occur in patients simultaneously. 

In addition to albumin fusion protein in which the albumin portion is fused N- 
terminal and/or C-terminal of the Therapeutic protein portion, albumin fusion proteins of the 
invention may also be produced by inserting the Therapeutic protein or peptide of interest 

25 (e.g., a Therapeutic protein X as diclosed in Table 1, or an antibody that binds a Therapeutic 
protein or a fragment or variant thereof) into an internal region of HA. For instance, within 
the protein sequence of the HA molecule a number of loops or turns exist between the end and 

beginning of a-helices, which are stabilized by (Msulphide bonds (see Figures 9-11). The 

loops, as determined from the crystal stmcture of HA (Fig. 13) (PDB identifiers 1A06, 
30 1BJ5, IBKE, IBMO, 1B7E to 1E7I and lUOR) for the most part extend away from the body 
of the molecule. These loops are useful for the insertion, or internal fusion, of therapeutically 
active peptides, particularly those requiring a secondary structure to be functional, or 
Therapeutic proteins, to essentially generate an albumin molecule with specific biological 
activity. 

35 Loops in hmnan albumin structure into which peptides or polypeptides may be 

inserted to generate albunnin fusion proteins of the invention include: Val54-Asn61, Thr76- 
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Asp89, Ala92-Glul00, Glnl70-Alal76, His247-Glu252, Glu266-Giu277, Glu280-His288, 
Ala362-Glu368, Lys439-Pro447,Val462-Lys475, Tlir478-Pro486, and Lys560-Thr566. In 
more preferred embodiments, peptides or polypeptides are inserted into the Val54-Asn61, 
Glnl70-Alal76, and/or Lys560-Thr566 loops of mature human albumin (SEQ ID NO: 18). 
5 Peptides to be inserted may be derived from either phage display or synthetic peptide 

libraries screened for specific biological activity or from the active portions of a molecule with 
the desired function. Additionally, random peptide libraries may be generated within 
particular loops or by insertions of randomized peptides into particular loops of the HA 
molecule and in which all possible combinations of amino acids are represented. 
10 Such library (s) could be generated on HA or domain fragments of HA by one of the 

following methods: 

(a) randomized mutation of amino acids within one or more peptide loops of HA 
or HA domain fragments. Either one, more or all the residues within a loop could be mutated 
in this manner (for example see Fig; 10a); 
15 (b) replacement of, or insertion into one or more loops of HA or HA domain 

fragments (i.e., internal fusion) of a randomized peptide(s) of length X„ (where X is an anndno 
acid and n is the number of residues (for example see Fig. 10b); 

(c) C- or N- and C- terminal peptide/protein fusions in addition to (a) and/or 

(b). 

20 The HA or HA domain fragment may also be made multifunctional by grafting the 

peptides derived from different screens of different loops against different targets into the 
same HA or HA domain fragment. 

In preferred embodiments, peptides inserted into a loop of human serum albumin are 
peptide fragments or peptide variants of the Therapeutic proteins disclosed in Table 1 . More 

25 particulary, the invention encompasses albumin fusion proteins which comprise peptide 
fragments or peptide variants at least 7 at least 8, at least 9, at least 10, at least 11, at least 12, 
at least 13, at least 14, at least 15, at least 20, at least 25, at least 30, at least 35, or at least 40 
amino acids in length inserted into a loop of human serum albumin. The invention also 
encompasses albunnin fusion proteins which comprise peptide fragments or peptide variants at 

30 least 7 at least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at least 14, at least 
15, at least 20, at least 25, at least 30, at least 35, or at least 40 amino acids fused to the N- 
terminus of human semm albumin. The invention also encompasses albumin fusion proteins 
which comprise peptide fragments or peptide variants at least 7 at least 8, at least 9, at least 
10, at least 1 1, at least 12, at least 13, at least 14, at least 15, at least 20, at least 25, at least 

35 30, at least 35, or at least 40 amino acids fused to the C-terminus of human serum albumin. 

Generally, the albumin fusion proteins of the invention may have one HA-derived 
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region and one Therapeutic protein-derived region. Multiple regions of each protein, 
however, may be used to make an albumin fusion protein of the invention. Similarly, more 
than one Therapeutic protein may be used to make an albumin fusion protein of the invention. 
For instance, a Therapeutic protein may be fused to both the N- and C-terminal ends of the 
5 HA. In such a configuration, the Therapeutic protein portions may be the same or different 
Therapeutic protein molecules. The structure of bifunctional albumin fusion proteins may be 
represented as: X~HA-Y or Y-HA-X. 

For example, an anti-BLyS^^ scFv-HA-IFNa-2b fusion may be prepared to modulate 
the immune response to IFNa-2b by anti-BLyS™ scFv. An alternative is making a bi (or 

10 even multi) functional dose of HA-fusions e.g. HA-IFNa-2b fusion mixed with HA-anti- 

BLyS^** scFv fusion or other HA-fusions in various ratio's depending on function, half-life 
etc. 

Bi- or multi-functional albumin fusion proteins may also be prepared to target the 
Therapeutic protein portion of a fusion to a target organ or cell type via protein or peptide at 

15 the opposite terminus of HA. 

As an alternative to the fusion of known therapeutic molecules, the peptides could be 
obtained by screening libraries constructed as fusions to the C- or N- and C- termini of 
HA, or domain fragment of HA, of typically 6, 8, 12, 20 or 25 or X„ (where X is an amino 
acid (aa) and h equals the number of residues) randomized amino acids, and in which all 

20 possible combinations of amino acids were represented. A particular advantage of this 
approach is that the peptides may be selected in situ on the HA molecule and the properties of 
the peptide would therefore be as selected for rather than, potentially, modified as might be 
the case for a peptide derived by any other method then being attached to HA. 

Additionally, the albumin fusion proteins of the invention may include a Unker peptide 

25 between the fused portions to provide greater physical separation between the moieties and 
thus maximize the accessibility of the Therapeutic protein portion, for instance, for binding to 
its cognate receptor. The linker peptide may consist of amino acids such that it is flexible or 
more rigid. 

The linker sequence may be cleavable by a protease or chemically to yield the growth 
30 hormone related moiety. Preferably, the protease is one which is produced naturally by the 
host, for example the S. cerevisiae protease kex2 or equivalent proteases. 

Therefore, as described above, the albumin fusion proteins of the invention may have 
the following formula R1-L-R2; R2-L-R1; or R1-L-R2-L-R1, wherein Rl is at least one 
Therapeutic protein, peptide or polypeptide sequence, and not necessarily the same 
35 Therapeutic protein, L is a Unker and R2 is a serum albumin sequence. 
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In preferred embodiments, Albumin fusion proteins of the invention comprising a 
Therapeutic protein have extended shelf life compared to the shelf life the same Therapeutic 
protein when not fused to albumin. Shelf-life typically refers to the time period over which 
the therapeutic activity of a Therapeutic protein in solution or in some other storage 
5 formulation, is stable without undue loss of therapeutic activity. Many of the Therapeutic 
proteins are highly labile in their unfused state. As described below, the typical shelf-life of 
these Therapeutic proteins is markedly prolonged upon incorporation into the albumin fusion 
protein of the invention. 

Albumin fusion proteins of the invention with "prolonged" or "extended" shelf-life 

10 exhibit greater therapeutic activity relative to a standard that has been subjected to the same 
storage and handling conditions. The standard may be the unfused full-length Therapeutic 
protein. When the Therapeutic protein portion of the albumin fusion protein is an analog, a 
variant, or is otherwise altered or does not include the complete sequence for that protein, the 
prolongation of therapeutic activity may altematively be compared to the unfused equivalent of 

15 that analog, variant, altered peptide or incomplete sequence. As an example, an albumin 
fusion protein of the invention may retain greater than about 100% of the therapeutic activity, 
or greater than about 105%, 110%, 120%, 130%, 150% or 200% of the tiierapeutic activity 
of a standard when subjected to the same storage and handling conditions as the standard 
when compared at a given time point. 

T 

.20 Shelf-life may also be assessed in terms of therapeutic activity remaining after storage, 

normalized to therapeutic activity when storage began. Albumin fusion proteins of the 
invention with prolonged or extended shelf-life as exhibited by prolonged or extended 
therapeutic activity may retain greater than about 50% of the therapeutic activity, about 60%, 
70%, 80%, or 90% or more of the therapeutic activity of the equivalent unfused Therapeutic 

25 protein when subjected to the same conditions. For example, as discussed in Example 1, an 
albumin fusion protein of the invention comprising hGH fused to the full length HA sequence 
may retain about 80% or more of its original activity in solution for periods of up to 5 weeks 
or more under various temperature conditions. 

30 Expression of Fusion Proteins 

The albumin fusion proteins of the invention may be produced as recombinant 
molecules by secretion from yeast, a microorganism such as a bacterium, or a human or 
animal cell line. Preferably, the polypeptide is secreted from the host cells. We have found 
that, by fusing the hGH coding sequence to the HA coding sequence, either to the 5' end or 

35 3' end, it is possible to secrete the albumin fusion protein from yeast without the requirement 
for a yeast-derived pro sequence. This was surprising, as other workers have found that a 
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yeast derived pro sequence was needed for efficient secretion of hGH in yeast. 

For example, Hiramatsu et al, (Appl Environ Microbiol 56:2125 (1990); Appl Environ 
Microbiol 57:2052 (1991)) found that the N-terminal portion of the pro sequence in the Mucor 

pusillus rennin pre-pro leader was important. Other authors, using the MFa-1 signal, have 

5 always included the MFa-1 pro sequence when secreting hGH. The pro sequences were 

believed to assist in the folding of the hGH by acting as an intramolecular chaperone. The 

present invention shows that HA or fragments of HA can perform a similar function. 

Hence, a particular embodiment of the invention comprises a DNA construct 

encoding a signal sequence effective for directing secretion in yeast, particularly a 
10 yeast^derived. signal sequence (especially one which is homologous to the yeast host), and the 

fused molecule of the first aspect of the invention, there being no yeast-derived pro sequence 

between the signal and the mature polypeptide. 

The Saccharomyces cerevisiae invertase signal is a preferred example of a 

yeast-derived signal sequence. 
15 Conjugates of the kind prepared by Poznansky et aL, (FEES Lett. 239:18 (1988)), in 

which separately-prepared polypeptides are joined by chemical cross-linking, are not 

contemplated. 

The present invention also includes a ceil, preferably a yeast cell transformed to 
express an albumin fusion protein of the invention. In addition to the transformed host cells 

20 themselves, the present invention also contemplates a culture of those cells, preferably a 
monoclonal (clonally homogeneous) culture, or a culture derived from a monoclonal culture, 
in a nutrient medium. If the polypeptide is secreted, the medium will contain the polypeptide, 
with the cells, or witliout the cells if they have been filtered or centrifuged away. Many 
expression systems are known and may be used, including bacteria (for example E. coli and 

25 Bacillus subtilis), yeasts (for example Saccharomyces cerevisiae^ Kluyveromyces lactis and 
Pichia pastoris, filamentous fungi (for example Aspergillus)^ plant cells, animal cells and 
insect cells. 

Preferred yeast strains to be used in the production of albumin fusion proteins are 
D88, DXYl and BXPIO. D88 [leul-S, leu2-122, canl, pral, ubc4] is a derivative of parent 

30 strain AH22his^ (also known as DBl; see, e.g.. Sleep et al. Biotechnology 8:42-46 (1990)). 
The strain contains a leu2 mutation which allows for auxotropic selection of 2 micron-based 
plasmids that contain the LEU2 gene. D88 also exhibits a derepression of PRB 1 in glucose 
excess. The PRBl promoter is normally controlled by two checkpoints that monitor glucose 
levels and growth stage. The promoter is activated in wild type yeast upon glucose depletion 

35 and entry into stationary phase. Strain D88 exhibits the repression by glucose but maintains 
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the induction upon entry into stationary phase. The PRAl gene encodes a yeast vacuolar 
protease, YscA endoprotease A, that is localized in the ER. The UBC4 gene is in the 
ubiquitination pathway and is involved in targeting short lived and abnormal proteins for 
ubiquitin dependant degradation. Isolation of this ubc4 mutation was found to increase flie 
5 copy number of an expression plasmid in the cell and cause an increased level of expression 
of a desired protein expressed from the plasmid (see, e.g., Intemational Publication No. 
WO99/00504, hereby incorporated in its entirety by reference herein). 

DXYl, a derivative of D88, has the following genotype: [leu2-3, leu2'122, canl, 
praJ, ubc4, ura3:.yap3}. In addition to the mutations isolated in D88, this strain also has a 

10 knockout of the YAP3 protease. This protease causes cleavage of mostiy di-basic residues 
(RR, RK, KR, KK) but can also promote cleavage at single basic residues in proteins. 
Isolation of this yap3 mutation resulted in higher levels of full length HSA production (see, 
e.g., U.S. Patent No. 5,965,386 and Kerry-Williams et al.. Yeast 14:161-169 (1998), 
hereby incorporated in their entireties by reference herein). 

15 BXPIO has the following genotype: /ew2-i, leu2'122, canl, pral, ubc4, ura3, 

yap3::URA3, lys2, hspl50::LYS2, pmtl::URA3. In addition to the mutations isolated in 
DXYl, this strain also has a knockout of the PMTl gene and the HSP150 gene. The PMTl 
gene is a member of the evolutionarily conserved family of dolichyl-phosphate-D-mannose 
protein O-mannosyltransf erases (Pmts). The transmembrane topology of Pmtlp suggests 

20 that it is an integral membrane protein of the endoplasmic reticulum with a role in O-linked 
glycbsylation. This mutation serves to reduce/eliminate O-linked glycosylation of HSA 
fusions (see, e:g., Intemational Publication No. WOOO/44772, hereby incorporated in its 
entirety by reference herein. Studies revealed that the Hspl50 protein is inefficientiy separated 
from rHA by ion exchange chromatography. The mutation in the HSP150 gene removes a 

25 potential contaminant that has proven difficult to remove by standard purification techniques. 
See, e.g., U.S. Patent No, 5,783,423, hereby incorporated in its entirety by reference herein. 

The desired protein is produced in conventional ways, for example from a coding 
sequence inserted in the host chromosome or on a free plasmid. The yeasts are transformed 
with a coding sequence for the desired protein in any of tiie usual ways, for example 

30 electroporation. Methods for transformation of yeast by electroporation are disclosed in 
Becker & Guarente (1990) Methods EnzymoL 194, 182. 

Successfully transformed cells, i.e., cells tiiat contain a DNA constmct of the present 
invention, can be identified by well known techniques. For example, cells resulting from the 
introduction of an expression construct can be grown to produce the desired polypeptide. 

35 Cells can be harvested and lysed and their DNA content examined for the presence of the 
DNA using a method such as that described by Southern (1975) J. MoL BioL 98, 503 or 
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Berent et al. (1985) Biotech. 3, 208. Alternatively, the presence of the protein in the 

supernatant can be detected using antibodies. 

Useful yeast plasmid vectors include pRS403-406 and pRS413-416 and are 

generally available from Stratagene Cloning Systems, La JoUa, CA 92037, USA. Plasmids 
5 pRS403, pRS404, pRS405 and pRS406 are Yeast Integrating plasmids (Yips) and 

incorporate the yeast selectable markers HIS 3, 7RP1, LEU2 and URA3. Plasmids 

pRS41 3-416 are Yeast Centromere plasmids (Ycps). 

Preferred vectors for making albumin fusion proteins for expression in yeast include 

pPPCOOOS, pScCHSA, pScNHSA, and pC4:HSA which are described in detail in Example 
10 2. Figure 4 shows a map of the pPPCOOOS plasmid that can be used as the base vector into 

which polynucleotides encoding Therapeutic proteins may be cloned to fonn HA-fusions. It 

contains a PRBl 5. cerevisiae promoter (PRBlp), a Fusion leader sequence (FL), DNA 

encoding HA (rHA) and an ADHl S, cerevisiae terminator sequence. The sequence of the 

fusion leader sequence consists of the first 19 amdno acids of the signal peptide of human 
15 serum albumin (SEQ ID NO:29) and the last five amino acids of the mating factor alpha 1 

promoter (SLDKR, see EP-A-387 319 which is hereby incorporated by reference in its 

entirety. 

The plasmids, pPPCOOOS, pScCHSA, pScNHSA, and pC4:HSA were deposited on 
April 11, 2001 at the American Type Culture Collection, 10801 University Boulevard, 

20 Manassas, Virginia 20110-2209 and given accession nmnbers ATCC , , , 

and _, respectively. Another vector useful for expressing an albumin fusion protein in 

yeast the pSAC35 vector which is described in Sleep et aL, BioTechnology 8:42 (1990) 
which is hereby incorporated by reference in its entirety. 

A variety of methods have been developed to operably link DNA to vectors via 
25 complementary cohesive termini. For instance, complementary homopolymer tracts can be 
added to the DNA segment to be inserted to the vector DNA. The vector and DNA segment 
are then joined by hydrogen bonding between the complementary homopolymeric tails to 
form recombinant DNA molecules. 

Synthetic linkers containing one or more restriction sites provide an alternative method 
30 of joining the DNA segment to vectors. The DNA segment, generated by endonuclease 
restriction digestion, is treated with bacteriophage T4 DNA polymerase or E. coli DNA 
polymerase I, enzymes that remove protruding, „-single-stranded termini with their 3' 
5 -exonucleolytic activities, and fill in recessed 3'-ends with their polymerizing activities. 

The combination of these activities therefore generates blunt-ended DNA segments. 
35 The blunt-ended segments are then incubated with a large molar excess of linker molecules in 
the presence of an enzyme that is able to catalyze the ligation of blunt-ended DNA molecules, 
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such as bacteriophage T4 DNA ligase. Thus, the products of the reaction are DNA segments 
carrying polymeric linker sequences at their ends. These DNA segments are then cleaved with 
the appropriate restriction enzyme and ligated to an expression vector that has been cleaved 
with an enzyme that produces termini compatible with those of the DNA segment. 
5 Synthetic linkers containing a variety of restriction endonuclease sites are 

commercially available from a number of sources including Intemational Biotechnologies Inc, 
New Haven, CT, USA. 

A desirable way to modify the DNA in accordance with the invention, if, for example, 
HA variants are to be prepared, is to use the polymerase chain reaction as disclosed by Saiki 

10 etaL (1988) Science 239, 487-491. In this method the DNA to be enzymatically amplified is 
flanked by two specific oligonucleotide primers which themselves become incorporated into 
the amplified DNA. The specific primers may contain restriction endonuclease recognition 
sites which can be used for cloning into expression vectors using methods known in the art. 

Exemplary genera of yeast contemplated to be useful in the practice of the present 

15 invention as hosts for expressing the albumin fusion proteins are Pichia (formerly classified 
as Hansenula), Saccharomyces, Kluyveromyces, Aspergillus, Candida, Torulopsis, 
Torulaspora, Schizosaccharomyces, Citeromyces, Pachysolen, Zygosaccharomyces^ , 
DebaromyceSy Trichoderma, Cephcdosporium, Humicola, Mucor, Neurospora^ Yarrowia, 
Metschunikowia, Rhodosporidium, Leucosporidiumj Botryoascus, Sporidiobolus, 

20 Endomycopsis, and the like. Preferred genera are those selected from the group consisting of 
Saccharomyces, Schizosaccharomyces, Kluyveromyces, Pichia and Torulaspora. Examples 
of Saccharomyces spp. are S. cerevisiae, S. italicus and S. rowcii. 

Examples of Kluyveromyces spp. are K. fragilis, K. lactis and K. marxianus. A 
suitable Torulaspora species is T,~ delbrueckii. Examples of Pichia (Hansenula) spp. are F. 

25 angusta (formerly H. polymorpha), P, anornala (formerly H, anomald) and P. pastoris. 
Methods for the transformation of S. cerevisiae are taught generally in EP 251 744, EP 258 
067 and WO 90/01063, all of which are incorpomted herein by reference. 

Preferred exemplary species of Saccharomyces include 5. cerevisiae^ S. italicus^ S . 
diastaticuSj and Zygosaccharomyces rouxii. Preferred exemplary species of Kluyveromyces 

30 include K, fragilis and K, lactis. Preferred exemplary species of Hansenula include H. 
polymorpha (now Pichia angusta), H. anomala (now Pichia anornala), and Pichia capsulata. 
Additional preferred exemplary species of Pichia include P. pastoris. Preferred exemplary 
species of Aspergillus include A. niger and A. nidulans. Preferred exemplary species of 
Yarrowia include F. lipolytica. Many preferred yeast species are available from the ATCC. 

35 For example, the following preferred yeast species are available from the ATCC and are 
useful in the expression of albumin fusion proteins: Saccharomyces cerevisiae Hansen, 
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teleomorph strain BY4743 yap3 mutant (ATCC Accession No. 4022731); Saccharomyces 
cerevisiae Hansen, teleomorph strain BY4743 hspl50 mutant (ATCC Accession No, 
4021266); Saccharomyces cerevisiae Hansen, teleomorph strain BY4743 pmtl mutant 
(ATCC Accession No, 4023792); Saccharomyces cerevisiae Hansen, teleomorph (ATCC 
5 Accession Nos. 20626; 44773; 44774; and 62995); Saccharomyces diastaticus Andrews et 
Giililand ex van der Walt, teleomorph (ATCC Accession No. 62987); Kluyyeromyces lactis 
(Dombrowski) van der Walt, teleomorph (ATCC Accession No. 76492); Pichia angusta 
(Teunisson et al.) Kurtzman, teleomorph deposited as Hansenula polymorpha de Morais et 
Maia, teleomorph (ATCC Accession No. 26012); Aspergillus niger van Tieghem, anamorph 

10 (ATCC Accession No. 9029); Aspergillus niger van Tieghem, anamorph (ATCC Accession 
No. 16404); Aspergillus nidulans (Eidam) Winter, anamorph (ATCC Accession No. 48756); 
and Yarrowia lipolytica (Wickerham et al.) van der Walt et von Arx, teleomorph (ATCC 
Accession No. 201847). . 

Suitable promoters for S. cerevisiae include those associated with the PGKI gene, 

15 GALl or GALIO genes, CYCI, PH05, TRPI, ADHI, ADH2, the genes for glyceraldehyde- 
3-phosphate dehydrogenase, hexokinase, pyruvate decarboxylase, phosphofructokinase, 
triose phosphate isomerase, phosphoglucose isomerase, glucokinase, alpha-mating factor 
pheromone, [a mating factor pheromone], the PRBI promoter, the GUT2 promoter, the GPDI 
promoter, and hybrid promoters involving hybrids of parts of 5' regulatory regions with parts 

20 of 5' regulatory regions of other promoters or with upstream activation sites {e.g, the 
promoter of EP-A-258 067). 

Convenient regulatable promoters for use in Schizosaccharomyces pombe are the 
thiamine-repressible promoter from the nmt gene as described by Maundrell (1990^ /. BioL 
Chem. 265, 10857-10864 and the glucose repressible jbpl gene promoter as described by 

25 Hoffman & Winston (1990) Genetics 124, 807-816. 

Methods of transforming Pichia for expression of foreign genes are taught in, for 
example, Cregg etaL (1993), and various Phillips patents {e.g, US 4 857 467, incorporated 
herein by reference), and Pichia expression kits are commercially available from Invitrogen 
BV, Leek, Netherlands, and Invitrogen Corp., San Diego, California. Suitable promoters 

30 include AOXI and AOX2. Gleeson a/. (1986) J. Gen. Microbiol. 132, 3459-3465 include 
information on Hansenula vectors and transformation, suitable promoters being MOXl and 
FMDl; whilst EP 361 991, Fleer et al (1991) and other- publications from Rhone-Poulenc 
Rorer teach how to express foreign proteins in Kluyveromyces spp., a suitable promoter 
being PGKI. 

35 The transcription termination signal is preferably the 3' flanking sequence of a 

eukaryotic gene which contains proper signals for transcription termination and 

315 



wo 01/79444 PCT/USOl/12013 



polyadenylation. Suitable 3' flanking sequences may, for example, be those of the gene 
naturally linked to the expression control sequence used, i.e. may correspond to the promoter. 
Alternatively, they may be different in which case the termination signal of the S. cerevisiae 
ADHI gene is preferred. 

5 The desired albumin fusion protein may be initially expressed with a secretion leader 

sequence, which may be any leader effective in the yeast chosen. Leaders useful in S. 

cerevisiae include that from the mating factor alpha polypeptide (MFa-1) and the hybrid 

leaders of EP-A-387 319. Such leaders (or signals) are cleaved by the yeast before the mature 
albumin is released into the surrounding medium. Further such leaders include those of S . 
10 cerevisiae invertase (SUC2) disclosed in JP 62-096086 (granted as 911036516), acid 

phosphatase (PH05), the pre-sequence of MFa~l, 0 glucanase (BGL2) and killer toxin; S. 

diastaticus glucoamylase II; 5". carlsbergensis a-galactosidase (MELl); K. lactis killer toxin; 

and Candida glucoamylase. 

15 Additional Methods of Recombinant and Synthetic Production of Albumin 
Fusion Proteins 

The present invention also relates to vectors containing a polynucleotide encoding an 
albumin fusion protein of the present invention, host cells, and the production of albumin 
fusion proteins by synthetic and recombinant techniques. The vector may be, for example, a 

20 phage, plasmid, viral, or retroviral vector. Retroviral vectors may be replication competent or 
replication defective. In the latter case, viral propagation generally will occur only in 
complementing host cells. 

The polynucleotides encoding albumin fusion proteins of the invention may be joined 
to a vector containing a selectable marker for propagation in a host. Generally, a plasmid 

25 vector is introduced in a precipitate, such as a calcium phosphate precipitate, or in a complex 
with a charged lipid. If the vector is a virus, it may be packaged in vitro using an appropriate 
packaging cell line and then transduced into host cells. 

The polynucleotide insert should be operatively linked to an appropriate promoter, 
such as the phage lambda PL promoter, the E. coli lac, trp, pkoA and tac promoters, the 

30 SV40 early and late promoters and promoters of retroviral LTRs, to name a few. Other 
suitable promoters will be known to the skilled artisan. The expression constructs will further 
contain sites for transcription initiation, termination, and, in the transcribed region, a 
ribosome binding site for translation. The coding portion of the transcripts expressed by the 
constructs will preferably include a translation initiating codon at the beginning and a 

35 termination codon (UAA, UGA or UAG) appropriately positioned at the end of the 
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polypeptide to be translated. 

As indicated, the expression vectors will preferably include at least one selectable 
marker. Such markers include dihydrof elate reductase, G418, glutamine synthase, or 
neomycin resistance for eukaryotic cell culture, and tetracycline, kanamycin or ampicillin 
5 resistance genes for culturing in £. coli and other bacteria. Representative examples of 
appropriate hosts include, but are not limited to, bacterial cells, such as E. coli, Streptomyces 
and Salmonella typhimurium cells; fungal cells, such as yeast cells (e.g., Saccharomyces 
cerevisiae or Pichiapastoris (ATCC Accession No, 201178)); insect cells such as Drosophila 
S2 and Spodoptera Sf9 cells; animal cells such as CHO, COS,NSO, 293, and Bowes 

10 melanoma cells; and plant cells. Appropriate culture mediums and conditions for the above- 
described host cells are Icnown in the art. 

Among vectors preferred for use in bacteria include pQE70, pQE60 and pQE-9, 
available from QIAGEN, Inc.; pBluescript vectors, Phagescript vectors, pNHSA, pNH16a, 
pNHlSA, pNH46A, available from Stratagene Cloning Systems, Inc.; and ptrc99a, 

15 pKK223-3, pKK233-3, pDR540, pRTTS available from Pharmacia Biotech, Inc. Among 
preferred eukaiyotic vectors are pWLNEO, pSV2CAT, pOG44, pXTl and pSG available 
from Stratagene; and pSVK3, pBPV, pMSG and pSVL available from Pharmacia. Preferred 
expression vectors for use in yeast systems include, but are not limited to pYES2, pYDl, 
pTCFl/Zeo, pYES2/GS, pPICZ, pGAPZ, pGAPZalph, pPIC9, pPIC3.5, pHIL-D2, pHIL- 

20 SI, pPIC3.5K, pPIC9K, and PA0815 (all available from Invitrogen, Carlbad, CA). Other 
suitable vectors will be readily apparent to the skilled artisan. 

In one embodiment, polynucleotides encoding an albumin fusion protein of the 
invention may be fused to signal sequences which will direct the localization of a protein of 
the invention to particular compartments of a prokaryotic or eukaryotic cell and/or direct the 

25 secretion of a protein of the invention from a prokaryotic or eukaryotic cell. For example, in 
E, colly one may wish to direct the expression of the protein to the periplasmic space. 
Examples of signal sequences or proteins (or fragments thereof) to which the albumin fusion 
proteins of the invention may be fused in order to direct the expression of the polypeptide to 
the periplasmic space of bacteria include, but are not limited to, the pelB signal sequence, the 

30 maltose binding protein (MBP) signal sequence, MBP, the ompA signal sequence, the signal 
sequence of the periplasmic E, coli heat-labile enterotoxin B-subunit, and the signal sequence 
of alkaline phosphatase. Several vectors are commercially available for the constmction of 
fusion proteins which will direct the localization of a protein, such as tiie pMAL series of 
vectors (particularly the pMAI^p series) available from New England Biolabs. In a specific 

35 embodiment, polynucleotides albumin fusion proteins of the invention may be fused to the 
pelB pectate lyase signal sequence to increase the efficiency of expression and purification of 
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such polypeptides in Gram-negative bacteria. See^ U.S. Patent Nos. 5,576,195 and 
5,846,818, the contents of which are herein incorporated by reference in their entireties. 

Examples of signal peptides that may be fused to an albumin fusion protein of the 
invention in order to direct its secretion in mammalian cells include, but are not lintiited to, the 
5 MPIF-1 signal sequence (e.g., amino acids 1-21 of GenBank Accession number 
AAB51134), the stanniocalcin signal sequence (MLQNSAVLLLLVISASA, SEQ ID NO:34), 
and a consensus signal sequence (MPTWAWWLELVLLLALWAPARG, SEQ ID NO:35). A 
suitable signal sequence that may be used in conjunction with baculoviral expression systems 
is the gp67 signal sequence (e.g., amino acids 1-19 of GenBank Accession Number 
10 AAA72759). 

Vectors which use glutamine synthase (GS) or DHFR as the selectable markers can be 
amplified in the presence of the drugs methionine sulphoximine or methotrexate, respectively. 
An advantage of glutamine synthase based vectors are the availabilty of cell lines (e.g., the 
murine myeloma cell line, NSO) which are glutamine synthase negative. Glutamine synthase 

15 expression systems can also function in glutamine synthase expressing cells (e.g., Chinese 
Hamster Ovary (CHO) cells) by providing additional inhibitor to prevent the functioning of 
the endogenous gene. A glutamine synthase expression system and components thereof are 
detailed in PGT pubUcations: WO87/04462; WO86/05807; WO89/01036; WO89/10404;i and 
WO91/06657, which are hereby incorporated in their entireties by reference herein. 

20 Additionally, glutamine synthase expression vectors can be obtained from Lonza Biologies, 
Inc. (Portsmouth, NH). Expression and production of monoclonal antibodies using a GS 
expression system in murine myeloma cells is described in Bebbington et aL, Bio/ technology 
10:169(1992) and in Biblia and Robinson BiotechnoL Prog, 11:1 (1995) which are herein 
incorporated by reference. 

25 The present invention also relates to host cells containing the above-described vector 

constructs described herein, and additionally encompasses host cells containing nucleotide 
sequences of the invention that are operably associated with one or more heterologous control 
regions (e.g., promoter and/or enhancer) using techniques known of in the art. The host cell 
can be a higher eukaryotic cell, such as a mammalian cell (e.g., a human derived cell), or a 

30 lower eukaryotic cell, such as a yeast cell, or the host cell can be a prokaryotic cell, such as a 
bacterial cell. A host strain may be chosen which modulates the expression of the inserted 
gene sequences, or modifies and processes the gene product in the specific fashion desired. 
Expression from certain promoters can be elevated in the presence of certain inducers; thus 
expression of the genetically engineered polypeptide may be controlled. Furthermore, 

35 different host cells have characteristics and specific mechanisms for the translational and post- 
translational processing and modification (e.g., phosphorylation, cleavage) of proteins. 
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Appropriate cell lines can be chosen to ensure the desired modifications and processing of the 
foreign protein expressed. 

Introduction of the nucleic acids and nucleic acid constructs of the invention into the 
host ceil can be effected by calcium phosphate transfection, DEAE-dextran mediated 
5 transfection, cationic lipid-mediated transfection, electroporation, transduction, infection, or 
other methods. Such methods are described in many standard laboratory manuals, such as 
Davis et al., Basic Methods In Molecular Biology (1986). It is specifically contemplated that 
the polypeptides of the present invention may in fact be expressed by a host cell lacking a 
recombinant vector. 

10 In addition to encompassing host cells containing the vector constmcts discussed 

herein, the invention also encompasses primary, secondary, and immortalized host cells of 
vertebrate origin, particularly mammalian origin, that have been engineered to delete or replace 
endogenous genetic material (e.g.^ the coding sequence corresponding to a Therapeutic . 
protein may be replaced with an albmnin fusion protein corresponding to the Therapeutic 

15 protein), and/or to include genetic material (e.g., heterologous polynucleotide sequences such 
as for example; an albumin fusion protein of the invention corresponding to the Therapeutic 
protein may be included). The genetic material operably associated with the endogenous 
polynucleotide may activate, alter, and/or amplify endogenous polynucleotides. 

In addition, techniques known in the art may be used to operably associate 

20 heterologous polynucleotides (e.g., polynucleotides encoding an albumin protein, or a 
fragment or variant thereof) and/or heterologous control regions (e.g., promoter and/or 
enhancer) with endogenous polynucleotide sequences encoding a Therapeutic protein via 
homologous recombination (see, e.g., US Patent Number 5,641,670, issued June 24, 1997; 
International Publication Number WO 96/29411; International Publication Number WO 

25 94/12650; Koller et al, Proc. Natl Acad. Set USA S6:8932-8935 (1989); and Zijlstra et al, 
Nature 342:435-438 (1989), the disclosures of each of which are incorporated by reference in 
their entireties). 

Albumin fusion proteins of the invention can be recovered and purified from 
recombinant cell cultures by well-known methods including ammonium sulfate or ethanol 

30 precipitation, acid extraction, anion or cation exchange chromatography, phosphocellulose 
chromatography, hydrophobic interaction chromatography, affinity chromatography, 
hydroxylapatite chromatography, hydrophobic charge interaction chromatography and lectin 
chromatography. Most preferably, high performance liquid chromatography ("HPLC") is 
employed for purification. 

35 In preferred embodiments the albumin fusion proteins of the invention are purified 

using Anion Exchange Chromatography including, but not limited to, chromatography on Q- 
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sepharose, DEAE sepharose, poros HQ, poros DEAE, Toyopearl Q, Toyopearl QAE, 
Toyopearl DEAE, Resource/Source Q and DEAE, Fractogel Q and DEAE columns. 

In specific embodiments the albunnin fusion proteins of the invention are purified 
using Cation Exchange Chromatography including, but not limited to, SP-sepharose, CM 
5 sepharose, poros HS, poros CM, Toyopearl SP, Toyopearl CM, Resource/Source S and 
CM, Fractogel S and CM columns and their equivalents and comparables. 

In specific embodiments the albumin fusion proteins of the invention are purified 
using Hydrophobic Interaction Chromatography including, but not linnited to. Phenyl, Butyl, 
Methyl, Octyl, Hexyl-sepharose, poros Phenyl, Butyl, Methyl, Octyl, Hexyl , Toyopearl 
10 Phenyl, Butyl, Methyl, Octyl, Hexyl Resource/Source Phenyl, Butyl, Methyl, Octyl, Hexyl, 
Fractogel Phenyl, Butyl, Methyl, Octyl, Hexyl columns and their equivalents and 
comparables. 

In specific embodiments the albumin fusion proteins of the invention are purified 
using Size Exclusion Chromatography including, but not limited to, sepharose SlOO, S200, 
1 5 S300, superdex resin columns and their equivalents and comparables. 

In specific embodiments the albumin fusion proteins of the invention are purified 
using Affinity Chromatography including, but not limited to. Mimetic Dye affinity, peptide 
affinity and antibody affinity columns that are selective for eitfier the HSA or the "fusion 
target" molecules. 

20 In prefeired embodiments albumin fusion proteins of the invention are purified using 

one or more Chromatography methods listed above. In other preferred embodiments, 
albumin fusion proteins of the invention are purified using one or more of the following 
Chromatography columns, Q sepharose FF column, SP Sepharose FF column, Q Sepharose 
High Performance Column, Blue Sepharose FF column , Blue Column, Phenyl Sepharose 

25 FF column, DEAE Sepharose FF, or Methyl Column. 

Additionally, albumin fusion proteins of the invention may be purified using the 
process described in PCT International Publication WO 00/44772 which is herein 
incorporated by reference in its entirety. One of skill in the art could easily modify the 
process described therein for use in the purification of albumin fusion proteins of the 

30 invention. 

Albumin fusion proteins of the present invention may be recovered from: products of 
chemical synthetic procedures; and products produced by recombinant techniques from a 
prokaryotic or eukaryotic host, including, for example, bacterial, yeast, higher plant, insect, 
and mammalian cells. Depending upon the host employed in a recombinant production 
35 procedure, the polypeptides of the present invention may be glycosylated or may be non- 
glycosylated. In addition, albumin fusion proteins of the invention may also include an initial 
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modified methionine residue, in some cases as a result of host-mediated processes. Thus, it 
is well known in the art that the N-terminal methionine encoded by the translation initiation 
codon generally is removed with high efficiency from any protein after translation in all 
eukaryotic cells. While the N-terminal methionine on most proteins also is efficiently 
5 removed in most prokaryotes, for some proteins, this prokaryotic removal process is 
inefficient, depending on the nature of the amino acid to which the N-terminal methionine is 
covalently linked. 

In one embodiment, the yeast Pichia pastoris is used to express albumin fusion 
proteins of the invention in a eukaryotic system. Pichia pastoris is a methylotrophic yeast 

20 which can metabolize methanol as its sole carbon source. A main step in the methanol 
metabolization pathway is the oxidation of methanol to formaldehyde using Oj. This reaction 
is catalyzed by the enzyme alcohol oxidase. In order to metabolize methanol as its sole carbon 
source, Pichia pastoris must generate high levels of alcohol oxidase due, in part, to the 
relatively low affinity of alcohol oxidase for O2. Consequently, in a growth medium 

25 depending on methanol as a main carbon source, the promoter region of one of the two 
alcohol oxidase genes (AOXl) is highly active. In the presence of methanol, alcohol oxidase 
produced from the AOXl gene comprises up to approximately 30% of the total soluble 
^rotem 'm Pichia pastoris. See Ellis, S.B., et ah, MoL Cell BioL 5:1111-21 (1985); Koutz, 
P.j, etaL, Yeast 5:167-77 (1989); Tschopp, J.R, et al, NucL Acids Res, 15:3859-76 

20 (1987). Thus, a heterologous coding sequence, such as, for example, a polynucleotide of the 
present invention, under the transcriptional regulation of all or part of the AOXl regulatory 
sequence is expressed at exceptionally high levels in Pichia yeast grown in the presence of 
methanol. 

In one example, the plasniid vector pPIC9K is used to express DNA encoding an 
25 albumin fusion protein of the invention, as set forth herein, in a Pichea yeast system 
essentially as described in ''Pichia Protocols: Methods in Molecular Biology," D.R. Higgins 
and J. Cregg, eds. The Humana Press, Totowa, NJ, 1998. This expression vector allows 
expression and secretion of a polypeptide of the invention by virtue of the strong AOXl 
promoter linked to the Pichia pastoris alkaline phosphatase (PHO) secretory signal peptide 
30 (i.e., leader) located upstream of a multiple cloning site. 

Many other yeast vectors could be used in place of pPIC9K, such as, pYES2, pYDl, 
pTEFl/Zeo, pYES2/GS, pPICZ, pGAPZ, pGAPZalpha, pPIC9, pPIC3.5, pHIL-D2, pHIL- 
Sl, pPIC3.5K, and PA0815, as one skilled in the art would readily appreciate, as long as the 
proposed expression construct provides appropriately located signals for transcription, 
35 translation, secretion (if desired), and the like, including an in-frame AUG as required. 

321 



wo 01/79444 



PCT/USOl/12013 



In another embodiment, high-level expression of a heterologous coding sequence, 
such as, for example, a polynucleotide encoding an albumin fusion protein of the present 
invention, may be achieved by cloning the heterologous polynucleotide of the invention into 
an expression vector such as, for example, pGAPZ or pGAEZalpha, and growing the yeast 
5 culture in the absence of methanol. 

In addition, albumin fusion proteins of the invention can be chemically synthesized 
using techniques known in the art (e.g., see Creighton, 1983, Proteins; Structures and 
Molecular Principles, W.H. Freeman & Co., N.Y., and Hunkapiller et al.. Nature, 310:105- 
111 (1984)). For example, a polypeptide corresponding to a fragment of a polypeptide can be 

10 synthesized by use of a peptide synthesizer. Furthermore, if desired, nonclassical amino 
acids or chemical amino acid analogs can be introduced as a substitution or addition into the 
polypeptide sequence. Non-classical amino acids include, but are not limited to, to the D- 
isomers of the common amino acids, 2,4-diaminobutyric acid, a-amino isobutyric acid, 4- 
aminobutyric acid, Abu, 2-amino butyric acid, g-Abu, e-Ahx, 6-amino hexanoic acid, Aib, 

15 2-amino isobutyric acid, 3-amino propionic acid, ornithine, norleucine, norvaline, 
hydroxyproline, sarcosine, citrulline, homocitruUine, cysteic acid, t-butylglycine, t- 
butylalanine, phenylglycine, cyclohexylalanine, b-alanine, fluoro-amino acids, designer 
amino acids such as b-methyl amino acids, Ca-methyl amino acids, Na-methyl amino acids, 
and amino acid analogs in general. Furthermore, the amino acid can be D (dextrorotary) or L 

20 (levorotary). 

f 

The invention encompasses albumin fusion proteins of the present invention which are 
differentially modified during or after translation, e.g., by glycosylation, acetylation, 
phosphorylation, amidation, derivatization by known protecting/blocking groups, proteolytic 
cleavage, linkage to an antibody molecule or other cellular ligand, etc. Any of numerous 

25 chemical modifications may be carried out by known techniques, including but not limited, to 
specific chemical cleavage by cyanogen bromide, trypsin, chymotrypsin, papain, V8 
protease, NaBH4; acetylation, formylation, oxidation, reduction; metabolic synthesis in the 
presence of tunicamycin; etc. 

Additional post-translational modifications encompassed by the invention include, for 

30 example, e.g., N-linked or O-linked carbohydrate chains, processing of N-terminal or 
C-terminal ends), attachment of chemical moieties to the amino acid backbone, chemical 
modifications of N-linked or O-linked carbohydrate chains, and addition or deletion of an 
N-terminal methionine residue as a result of procaryotic host cell expression. The albumin 
fusion proteins may also be modified with a detectable label, such as an enzymatic, 

35 fluorescent, isotopic or affinity label to allow for detection and isolation of the protein. 

Examples of suitable enzymes include horseradish peroxidase, alkaline phosphatase, 
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beta-galactosidase, or acetylchoKnesterase; examples of suitable prosthetic group complexes 
include streptavidin/biotin and avidin/biotin; examples of suitable fluorescent materials include 
umbelliferone, fluorescein, fluorescein isothiocyanate, rhodamine, dichlorotriazinylamine 
fluorescein, dansyl chloride or phycoerythrin; an example of a liuninescent material includes 
5 luminol; examples of bioluminescent materials include luciferase, luciferin, and aequorin; and 
examples of suitable radioactive material include iodine (^^^I, ^^^I, ^^I, ^^^I), carbon C^C), 
sulfur ('^S), tritium f H), indium (''4n, ^^'In, ^'^^n, "^"^In), technetium C^c,'^'"Tc), 
thallium (^°'Ti), gallium (^^Ga, ^'^Ga), palladium ('^^Pd), molybdenum (^^Mo), xenon 
(^^^Xe), fluorine ^F), ^^^Sm, ^"^Lu, ^^^Gd, ^^^Pm, ^^°La, ^^^Yb, ^'^Ho, ^°Y, ^^Sc, ^^^Re, 

10 ^'«Re, ^^^Pr, ^°^Rh, and ^^Ru. 

In specific embodiments, albumin fusion proteins of the present invention or 
fragments or variants thereof are attached to macrocyclic chelators that associate with 
radiometal ions, including but not limited to, ^^^Lu, ^°Y, ^^^Ho, and ^^^Sm, to polypeptides. 
In a preferred embodiment, the radiometal ion associated with the macrocyclic chelators is 

15 ^^^In. In another preferred embodiment, the radiometal ion associated with the macrocyclic 
chelator is ^^Y. In specific embodiments, the macrocyclic chelator is 1,4,7,10- 
tetraa2acyclododecane-N,N',N",N"'-tetraacetic acid (DOTA). In other specific 
embodiments, DOTA is attached to an antibody of the invention or fragment thereof via linker 
molecule. Examples of linker molecules useful for conjugating DOTA to a polypeptide are 

20 commonly known in the art - see, for example, DeNardo et al., Clin Cancer Res. 4(10):2483- 
90 (1998); Peterson et al., Bioconjug. Chem. 10(4):553-7 (1999); and Zimmerman et al, 
Nucl. Med. Biol. 26(8):943-50 (1999); which are hereby incorporated by reference in their 
entirety. 

As mentioned, the albumin fusion proteins of the invention may be modified by either 
25 natural processes, such as post-translational processing, or by chemical modification 
techniques which are well known in the art. It will be appreciated that the same type of 
modification may be present in the same or varying degrees at several sites in a given 
polypeptide. Polypeptides of the invention may be branched, for example, as a result of 
ubiquitination, and they may be cyclic, with or without branching. Cyclic, branched, and 
30 branched cyclic polypeptides may result from posttranslation natural processes or may be 
made by synthetic methods. Modifications include acetylation, acylation, ADP-ribosylation, 
amidation, covalent attachment of flavin, covalent attachment of a heme moiety, covalent 
attachment of a nucleotide or nucleotide derivative, covalent attachment of a hpid or lipid 
derivative, covalent attachment of phosphotidylinositol, cross-linking, cyclization, disulfide 
35 bond formation, demethylation, formation of covalent cross-links, formation of cysteine, 
formation of pyroglutamate, foraiylation, gamma-carboxylation, glycosylation, GPI anchor 
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formation, hydroxylation, iodination, methylation, myristylation, oxidation, pegylation, 
proteolytic processing, phosphorylation, prenylation, racemization, selenoylation, sulfation, 
transfer-RNA mediated addition of amino acids to proteins such as arginylation, and 
ubiquitination. (See, for instance, PROTEINS - STRUCTURE AND MOLECULAR 
5 PROPERTIES, 2nd Ed., T. E. Creighton, W. H. Freeman and Company, New York 
(1993); POST-TRANSLATIONAL COVALENT MODIHCATION OF PROTEINS, B. C, 
Johnson, Ed., Academic Press, New York, pgs. 1-12 (1983); Seifter et al., Meth. Enzymol. 
182:626-646 (1990); Rattan et al., Ann. N.Y. Acad. Sci. 663:48-62 (1992)). 

Albumin fusion proteins of the invention and antibodies that bind a Therapeutic 

10 protein or fragments or variants thereof can be fused to marker sequences, such as a peptide 
to facilitate purification. In preferred embodiments, the marker amino acid sequence is a 
hexa-histidine peptide, such as the tag provided in a pQE vector (QIAGEN, Inc., 9259 Eton 
Avenue, Chatsworth, CA, 9131 1), among others, many of which are commercially available. 
As described in Gentz et al., Proc. Natl. Acad. Sci. USA 86:821-824 (1989), for instance, 

15 hexa-histidine provides for convenient purification of the fusion protein. Other peptide tags 
useful for purification include, but are not limited to, the "HA" tag, which corresponds to an 
epitope derived from the influenza hemagglutinin protein (Wilson et al., Cell 37:767 (1984)) 
and the "flag" tag. 

Further, an albumin fusion protein of the invention may be conjugated to a therapeutic 

20 moiety such as a cytotoxin, e.g., a cytostatic or cytocidal agent, a therapeutic agent or a 
radioactive metal ion, e.g., alpha-emitters such as, for example, 213Bi. A cytotoxin or 
cytotoxic agent includes any agent that is detrimental to cells. Examples include paclitaxol, 
cytochalasin B, gramicidin D, ethidium bromide, emetine, mitomycin, etoposide, tenoposide, 
vincristine, vinblastine, colchicin, doxorubicin, daunorubicin, dihydroxy anthracin dione, 

25 mitoxantrone, mithramycin, actinomycin D, 1-dehydrotestosterone, glucocorticoids, 
procaine, tetracaine, lidocaine, propranolol, and puromycin and analogs or homologs 
thereof. Therapeutic agents include, but are not limited to, antimetabolites (e.g., 
methotrexate, 6-mercaptopurine, d-thioguanine, cytarabine, 5-fluorouracil decarbazine), 
alkylating agents (e.g., mechlorethamine, thioepa chlorambucil, melphalan, carmustine 

30 (BSNU) and lomustine (CCNU), cyclothosphamide, busulfan, dibromomannitol, 
streptozotocin, mitomycin C, and cis- dichlorodiamine platinum (II) (DDP) cisplatin), 
anthracyclines (e,g., daunorubicin (formerly daunomycin) and doxorubicin), antibiotics (e.g., 
dactinomycin (formerly actinomycin), bleomycin, mithramycin, and anthramycin (AMC)), 
and anti-mitotic agents (e.g., vincristine and vinblastine). 

35 The conjugates of the invention can be used for modifying a given biological 

response, the therapeutic agent or drug moiety is not to be construed as limited to classical 
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chemical therapeutic agents. For example, the drug moiety may be a protein or polypeptide 
possessing a desired biological activity. Such proteins may include, for example, a toxin 
such as abrin, ricin A, pseudomonas exotoxin, or diphtheria toxin; a protein such as tumor 
necrosis factor, alpha-interferon, B-interferon, nerve growth factor, platelet derived growth 
5 factor, tissue plasminogen activator, an apoptotic agent, e.g., TNF-alpha, TNF-beta, AIM I 
(See, International Publication No. WO 97/33899), AIM II (See, International Publication 
No. WO 97/34911), Fas Ligand (Takahashi et aL, Int Immunol., <5: 1567-1574 (1994)), 
VEGI (See, International Publication No. WO 99/23105), a thrombotic agent or an anti- 
angiogenic agent, e.g., angiostatin or endostatin; or, biological response modifiers such as, 

10 for example, lymphokines, interleukin-1 ("IL-l"), interleukin-2 ("IL-2'*), interleukin-6 ("IL- 
6")9 granulocyte macrophage colony stimulating factor ("GM-CSF"), granulocyte colony 
stimulating factor ("G-CSF"), or other growth factors. Techniques for conjugating such 
therapeutic moiety to proteins (e.g., albumin fusion proteins) are well known in the art. 

Albumin fusion proteins may also be attached to solid supports, which are particularly 

15 useful for immunoassays or purification of polypeptides that are bound by, that bind to, or 
associate with albumin fusion proteins of the invention. Such solid supports include, but are 
not limited to, glass, cellulose, polyacrylamide, nylon, polystyrene, polyvinyl chloride or 
polypropylene. 

Albumin fusion proteins, with or without a therapeutic moiety conjugated to it, 
20 administered alone or in combination with cytotoxic factor(s) and/or cytokine(s) can be used 
as a therapeutic. 

In embodiments where the albumin fusion protein of the invention comprises only the 
VH domain of an antibody that binds a Therapeutic protein, it may be necessary and/or 
desirable to coexpress the fusion protein with the VL domain of the same antibody that binds 

25 a Therapeutic protein, such that the VH-albumin fusion protein and VL protein will associate 
(either covalently or non-covalently) post-translationally. 

In embodiments where the albumin fusion protein of the invention comprises only the 
VL domain of an antibody that binds a Therapeutic protein, it may be necessary and/or 
desirable to coexpress the fusion protein with the VH domain of the same antibody that binds 

30 a Therapeutic protein, such that the VL-albumin fusion protein and VH protein will associate 
(either covalentiy or non-covalenfly) post-translationally. 

Some Therapeutic antibodies are bispecific antibodies, meaning the antibody that 
binds a Therapeutic protein is an artificial hybrid antibody having two different heavy/light 
chain pairs and two different binding sites. In order to create an albumin fusion protein 

35 corresponding to that Therapeutic protein, it is possible to create an albumin fusion protein 
which has an scFv fragment fused to both the N- and C- terminus of the albumin protein 
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moiety. More particularly, the scFv fused to the N-terminus of albumin would correspond to 
one of the heavy/light (VIWL) pairs of the original antibody that binds a Therapeutic protein 
and the scFv fused to the C-terminus of albumin would correspond to the other heavy/light 
(VIWL) pair of the original antibody that binds a Therapeutic protein. 
5 Also provided by the invention are chemically modified derivatives of the albumin 

fusion proteins of the invention which may provide additional advantages such as increased 
solubility, stability and circulating time of the polypeptide, or decreased immunogenicily (see 
U.S. Patent No. 4,179,337). The chemical moieties for derivitization may be selected from 
water soluble polymers such as polyethylene glycol, ethylene glycol/propylene glycol 
10 copolymers, carboxymethylcellulose, dextran, polyvinyl alcohol and the like. The albumin 
fusion proteins may be modified at random positions within the molecule, or at predetermined 
positions within the molecule and may include one, two, three or more attached chemical 
moieties. 

The polymer may be of any molecular weight, and may be branched or unbranched. 

15 For polyethylene glycol, the preferred molecular weight is between about 1 kDa and about 100 
kDa (the term "about" indicating that in preparations of polyethylene glycol, some molecules 
will weigh more, some less, than the stated molecular weight) for ease in handling and 
manufacturing. Other sizes may be used, depending on the desired therapeutic profile (e.g., 
the duration of sustained release desired, the effects, if any on biological activity, the ease in 

20 handling, the degree or lack of antigenicity and other known effects of the polyethylene glycol 
to a Therapeutic protein or analog). For example, the polyethylene glycol may have an 
average molecular weight of about 200, 500, 1000, 1500, 2000, 2500, 3000, 3500, 4000, 
4500, 5000, 5500, 6000, 6500, 7000, 7500, 8000, 8500, 9000, 9500, 10,000, 10,500, 
11,000, 11,500, 12,000, 12,500, 13,000, 13,500, 14,000, 14,500, 15,000, 15,500, 

25 16,000, 16,500, 17,000, 17,500, 18,000, 18,500, 19,000, 19,500, 20,000, 25,000, 
30,000, 35,000, 40,000, 45,000, 50,000, 55,000, 60,000, 65,000, 70,000, 75,000, 
80,000, 85,000, 90,000, 95,000, or 100,000 kDa. 

As noted above, the polyethylene glycol may have a branched structure. Branched 
polyethylene glycols are described, for example, in U.S. Patent No. 5,643,575; Morpurgo et 

30 aL, AppL Biochem. BiotechnoL 56:59-72 (1996); Vorobjev et al.. Nucleosides Nucleotides 
75:2745-2750 (1999); and C^iceti et aL, Bioconjug. Chem. 70:638-646 (1999), the 
disclosures of each of which are incorporated herein by reference. 

The polyethylene glycol molecules (or other chemical moieties) should be attached to 
the protein with consideration of effects on functional or antigenic domains of the protein. 

35 There are a number of attachment methods available to those skilled in the art, such as, for 
example, the method disclosed in EP 0 401 384 (coupling PEG to G-CSF), herein 
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incorporated by reference; see also Malik et al., Exp. Hematol. 20:1028-1035 (1992), 
reporting pegylation of GM-CSF using tresyl chloride. For example, polyethylene glycol 
may be covalently bound through amino acid residues via reactive group, such as a free amino 
or carboxyl group. Reactive groups are those to which an activated polyethylene glycol 
5 molecule may be bound. The amino acid residues having a free amino group may include 
lysine residues and the N-terminal amino acid residues; those having a free carboxyl group 
may include aspartic acid residues glutamic acid residues and the C-terminal amino acid 
residue. Sulfhydryl groups may also be used as a reactive group for attaching the 
polyethylene glycol molecules. Preferred for therapeutic purposes is attachment at an amino 

10 group, such as attachment at the N-terminus or lysine group. 

As suggested above, polyethylene glycol may be attached to proteins via linkage to 
any of a number of amino acid residues. For example, polyethylene glycol can be linked to 
proteins via covalent bonds to lysine, histidine, aspartic acid, glutamic acid, or cysteine 
residues. One or more reaction cheuMStries may be employed to attach polyethylene glycol to 

15 specific amino acid residues (e.g., lysine, histidine, aspartic acid, glutamic acid, or cysteine) 
of the protein or to more than one type of amino acid residue (e.g., lysine, histidine, aspartic 
acid, glutamic acid, cysteine and combinations thereof) of the protein: 

One may specifically desire proteins chemically modified at the N-terminus. Using 
polyethylene glycol as an illustration of the present composition, one may select from a 

20 variety of polyethylene glycol molecules (by molecular weight, branching, etc.), the 
proportion of polyethylene glycol molecules to protein (polypeptide) molecules in the reaction 
mix, the type of pegylation reaction to be performed, and the method of obtaining the selected 
N-terminally pegylated protein. The method of obtaining the N-terminally pegylated 
preparation (i.e., separating this moiety from other monopegylated moieties if necessary) may 

25 be by purification of the N-terminally pegylated material from a population of pegylated 
protein molecules. Selective proteins chemically modified at the N-terminus modification may 
be accomplished by reductive alkylation which exploits differential reactivity of different types 
of primary amino groups (lysine versus the N-terminal) available for derivatization in a 
particular protein. Under the appropriate reaction conditions, substantially selective 

30 derivatization of the protein at the N-terminus with a carbonyl group containing polymer is 
achieved. 

As indicated above, pegylation of the albumin fusion proteins of the invention may be 
accomplished by any number of means. For example, polyethylene glycol may be attached to 
the albumin fusion protein either direcfly or by an intervening linker. Linkerless systems for 
35 attaching polyethylene glycol to proteins are described in Delgado et al., Crit. Rev. Thera. 
Drug Carrier Sys. 9:249-304 (1992); Francis et aL, Intern. J. of Hematol. 68:1-18 (1998); 
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U.S. Patent No. 4,002,531; U.S. Patent No. 5,349,052; WO 95/06058; and WO 98/32466, 
the disclosures of each of which are incorporated herein by reference. 

One system for attacliing polyethylene glycol direcdy to amino acid residues of 
proteins without an intervening linker employs tresylated MPEG, which is produced by the 
5 modification of monmethoxy polyethylene glycol (MPEG) using tresylchloride 
(CISO2CH2CF3). Upon reaction of protein with tresylated MPEG, polyethylene glycol is 
directly attached to amine groups of the protein. Thus, the invention includes protein- 
polyethylene glycol conjugates produced by reacting proteins of the invention with a 
polyethylene glycol molecule having a 2,2,2-trifluoreothane sulphonyl group. 

10 Polyethylene glycol can also be attached to proteins using a number of different 

intervening linkers. For example, U.S. Patent No. 5,612,460, the entire disclosure of which 
is incorporated herein by reference, discloses urethane linkers for connecting polyethylene 
glycol to proteins. Protein-polyethylene glycol conjugates wherein the polyethylene glycol is 
attached to the protein by a linker can also be produced by reaction of proteins with 

15 compounds such as MPEG-succinimidylsuccinate, MPEG activated with 
1 , 1 -carbonyldiimidazole, MPEG-2,4,5-trichloropenylcarbonate, MPEG-p- 

nitrophenolcarbonate, and various MPEG-succinate derivatives. A number of additional 
polyethylene glycol derivatives and reaction chemistries for attaching polyethylene glycol to 
proteins are described in International Publication No. WO 98/32466, the entire disclosure of 

20 which is incorporated herein by reference. Pegylated protein products produced using the 
reaction chemistries set out herein are included within the scope of the invention. 

The number of polyethylene glycol moieties attached to each albumin fusion protein of 
the invention (i.e., the degree of substitution) may also vary. For example, the pegylated 
proteins of the invention may be linked, on average, to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 15, 

25 17, 20, or more polyethylene glycol molecules. Similarly, the average degree of substitution 
within ranges such as 1-3, 2-4, 3-5, 4-6, 5-7, 6-8, 7-9, 8-10, 9-11, 10-12, 11-13, 12-14, 
13-15, 14-16, 15-17, 16-18, 17-19, or 18-20 polyethylene glycol moieties per protein 
molecule. Methods for determining the degree of substitution are discussed, for example, in 
Delgado et al.. Grit. Rev. Thera. Drug Carrier Sys. 9:249-304 (1992). 

30 The polypeptides of the invention can be recovered and purified from chemical 

synthesis and recombinant cell cultures by standard methods which include, but are not 
limited to, ammonium sulfate or ethanol precipitation, acid extraction, anion or cation 
exchange chromatography, phosphocellulose chromatography, hydrophobic interaction 
chromatography, affinity chromatography, hydroxylapatite chromatography and lectin 

35 chromatography. Most preferably, high performance liquid chromatography ("HPLC") is 
employed for purification. Well known techniques for refolding protein may be employed to 
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regenerate active conformation when the polypeptide is denatured during isolation and/or 
purification. 

The presence and quantity of albumin fusion proteins of the invention may be 
determined using ELISA, a well known inamunoassay known in the art In one ELISA 
5 protocol that would be useful for detecting/quantifying albumin fusion proteins of the 
invention, comprises the steps of coating an ELISA plate with an anti-human serum albumin 
antibody, blocking the plate to prevent non-specific binding, washing the ELISA plate, 
adding a solution containing the albumin fusion protein of the invention (at one or more 
different concentrations), adding a secondary anti-Therapeutic protein specific antibody 
10 coupled to a detectable label (as described herein or otherwise known in the art), and detecting 
the presence of the secondary antibody. In an alternate version of this protocol, the ELISA 
plate might be coated with the anti-Therapeutic protein specific antibody and the labeled 
secondary reagent might be the anti-human albumin specific antibody. 

15 Uses of the Polynucleotides 

Each of the polynucleotides identified herein can be used in numerous ways as 
reagents. The following description should be considered exemplary and utilizes known 
techniques. 

The polynucleotides of the present invention are useful to produce the albumin fusion 
20 proteins of the invention. As described in more detail below, polynucleotides of the invention 
(encoding albumin fusion proteins) may be used in recombinant DNA methods useful in 
genetic engineering to make cells, cell lines, or tissues that express the albumin fusion protein 
encoded by the polynucleotides encoding albumin fusion proteins of the invention. 

Polynucleotides of the present invention are also useful in gene therapy. One goal of 
25 gene therapy is to insert a normal gene into an organism having a defective gene, in an effort 
to correct the genetic defect. The polynucleotides disclosed in the present invention offer a 
means of targeting such genetic defects in a highly accurate manner. Another goal is to insert 
a new gene that was not present in the host genome, thereby producing a new trait in the host 
cell. Additional non-limiting examples of gene therapy methods encompassed by the present 
30 invention are more thoroughly described elsewhere herein (see, e.g., the sections labeled 
"Gene Therapy", and Examples 17 and 18). 

Uses of the Polypeptides 

Each of the polypeptides identified herein can be used in numerous ways. The 
35 following description should be considered exemplary and utilizes known techniques. 

Albunain fusion proteins of the invention are useful to provide immunological probes 
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for differential identification of the tissue(s) (e.g., inrniunohistochemistry assays such as, for 
example, ABC inimunoperoxidase (Hsu et aL, J. Histochem* Cytochetn. 29:577-580 (1981)) 
or cell type(s) (e.g., immunocytochemistry assays). 

Albumin fusion proteins can be used to assay levels of polypeptides in a biological 
5 sample using classical immunohistological methods known to those of skill in the art (e.g., 
see Jalkanen, et al., L Cell, BioL 101:976-985 (1985); Jalkanen, et aL, J. Cell. Biol. 
105:3087-3096 (1987)). Other methods useful for detecting protein gene expression include 
immunoassays, such as the enzyme linked immunosorbent assay (ELISA) and the 
radioimmunoassay (RIA). Suitable assay labels are known in the art and include enzyme 

10 labels, such as, glucose oxidase; radioisotopes, such as iodine (*^^I, ^^^I), carbon 

(^^C), sulfur (""S), tritium ("H), indium (''^™In, "^"^In, ''"In, ^^^In), and technetium (^'Tc, 
^^"Tc), thallium (^°'Ti), gallium (^Ga, ^^Ga), palladium C^PdX molybdenum (^^Mo), xenon 
(^^^Xe), fluorine (^«F), ^^^Sm, ^^^Lu, ^^^Gd, ^^^^Pm, ^"°La, ^^^Yb, ^^^Ho, ^°Y, ^^Sc, ^«^Re, 
^^^Re, ^"^^Pr, ^^^Rh, ^^Ru; luminescent labels, such as luminol; and fluorescent labels, such as 

15 fluorescein and rhodamine, and biotin. 

Albumin fusion proteins of the invention can also be detected in vivo by imaging. 
Labels or markers for in vivo imaging of protein include those detectable by X-radiography, 
nuclear magnetic resonance (NMR) or electron spin relaxtion (ESR). For X-radiography, 
suitable labels include radioisotopes such as barium or cesium, which emit detectable radiation 

20 but are not overtly harmful to the subject. Suitable markers for NMR and ESR include those 
with a detectable characteristic spin, such as deuterium, which may be incorporated into the 
albumin fusion protein by labeling of nutrients given to a cell line expressing the albumin 
fusion protein of the invention. 

An albumin fusion protein which has been labeled with an appropriate detectable 

25 imaging moiety, such as a radioisotope (for example, ^^^I, ^^^In, ^^""Tc, (^^^I, ^^^I, ^^^I), 
carbon ('^C), sulfur ('^S), tritium (^H), indium ('''''"In, ''^"^In, ''^In, "'In), and technetium 
('^c, "'^Tc), thallium (^°'Ti), gallium (^^Ga, ^^Ga), palladium ('^^Pd), molybdenum (^^Mo), 
xenon (^^^Xe), fluorine (^^F, ^^^Sm, ^^^Lu, ^^^Gd, '^^Pm, ^^°La, ^^^Yb, ^"'Ho, "°Y, ^^Sc, 
^^^Re, '®^Re, ^"^^Pr, ^°^Rh, ^^Ru), a radio-opaque substance, or a material detectable by 

30 nuclear magnetic resonance, is introduced (for example, parenterally, subcutaneously or 
intraperitoneally) into the mammal to be examined for immune system disorder. It will be 
understood in the art that the size of the subject and the imaging system used will determine 
the quantity of imaging moiety needed to produce diagnostic images. In the case of a 
radioisotope moiety, for a human subject, the quantity of radioactivity injected will normally 

35 range from about 5 to 20 millicuries of ^^""Tc. The labeled albumin fusion protein will then 
preferentially accumulate at locations in the body (e.g., organs, cells, extracellular spaces or 
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matrices) where one or more receptors, ligands or substrates (corresponding to that of the 
Therapeutic protein used to make the albumin fusion protein of the invention) are located. 
Alternatively, in the case where the albumin fusion protein comprises at least a fragment or 
variant of a Therapeutic antibody, the labeled albumin fusion protein will then preferentially 
5 accumulate at the locations in the body (e.g., organs, cells, extracellular spaces or matrices) 
where the polypeptides/epitopes corresponding to those bound by the Therapeutic antibody 
(used to make the albumin fusion protein of the invention) are located. In vivo tumor 
imaging is described in S.W. Burchiel et aL, "Inmiunopharmacokinetics of Radiolabeled 
Antibodies and Their Fragments" (Chapter 13 in Tumor Imaging: The Radiochemical 

10 Detection of Cancer, S.W. Burchiel and B. A. Rhodes, eds., Masson Publishing Inc. 
(1982)). The protocols described therein could easily be modified by one of skill in the art for 
use with the albumin fusion proteins of the invention. 

In one embodiment, the invention provides a method for the specific delivery of 
albimiin fusion proteins of the invention to cells by administering albumin fusion proteins of 

15 the invention (e.g., polypeptides encoded by polynucleotides encoding albumin fusion 
proteins of the invention and/or antibodies) that are associated with heterologous polypeptides 
or nucleic acids. In one example, the invention provides a method for delivering a 
Therapeutic protein into the targeted cell. In another example, the invention provides a 
method for deUvering a single stranded nucleic acid (e.g., antisense or ribozymes) or double 

20 stranded nucleic acid (e.g., DNA that can integrate into the cell's genome or replicate 
episomally and that can be transcribed) into the targeted cell. 

In another embodiment, the invention provides a method for the specific destruction of 
cells (e.g., the destruction of tumor cells) by administering albumin fusion proteins of the 
invention in association with toxins or cytotoxic prodrugs. 

25 By "toxin" is meant one or more compounds that bind and activate endogenous 

cytotoxic effector systems, radioisotopes, holotoxins, modified toxins, catalytic subunits of 
toxins, or any molecules or enzymes not normally present in or on the surface of a cell that 
under defined conditions cause the cell's death. Toxins that may be used according to the 
methods of the invention include, but are not limited to, radioisotopes known in the art, 

30 compounds such as, for example, antibodies (or complement fixing containing portions 
thereof) that bind an inherent or induced endogenous cytotoxic effector system, thymidine 
kinase, endonuclease, RNAse, alpha toxin, ricin, abrin, Pseudomonas exotoxin A, diphtheria 
toxin, saporin, momordin, gelonin, pokeweed antiviral protein, alpha-sarcin and cholera 
toxin. 'Toxin" also includes a cytostatic or cytocidal agent, a therapeutic agent or a 

35 radioactive metal ion, e.g., alpha-emitters such as, for example, ^^^Bi, or other radioisotopes 
such as, for example, ^°^Pd, ^^'Xe, ^^^I, ^^Ge, ^^Co, ^^Zn, ^Sr, ^^P, ^^S, ^^Y, '^^Sm, ^^^Gd, 
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'^^Yb, ^'Cr, "'^Mn, ^'Se, '^'Sn, 'Yttrium, ''^Tin, '^^Rhenium, '"^Holmium, and '^Rhenium; 
luminescent labels, such as luminol; and fluorescent labels, such as fluorescein and 
rhodamine, and biotin. In a specific embodiment, the invention provides a method for the 
specific destruction of cells (e.g., the destruction of tumor cells) by administering 
5 polypeptides of the invention or antibodies of the invention in association with the 
radioisotope ^°Y. In another specific embodiment, the invention provides a method for the 
specific destruction of cells (e.g., the destruction of tumor cells) by administering 
polypeptides of the invention or antibodies of the invention in association with the 
radioisotope "^In. In a further specific embodiment, the invention provides a method for the 
10 specific destruction of cells (e.g., the destruction of tumor cells) by administering 
polypeptides of the invention or antibodies of the invention in association with the 
radioisotope ^^^I. 

Techniques known in the art may be applied to label polypeptides of the invention. 
Such techniques include, but are not limited to, the use of bifunctional conjugating agents (see 

15 e.g., U.S. Patent Nos. 5,756,065; 5,714,631; 5,696,239; 5,652,361; 5,505,931; 
5,489,425; 5,435,990; 5,428,139; 5,342,604; 5,274,119; 4,994,560; and 5,808,003; the 
contents of each of which are hereby incorporated by reference in its entirety). 

The albunun fusion proteins of the present invention are useful for diagnosis, 
treatment, prevention and/or prognosis of various disorders in mammals, preferably humans. 

20 Such disorders include, but are not limited to, those described herein under the section ' 
heading "Biological Activities," below. 

Thus, the invention provides a diagnostic method of a disorder, which involves (a) 
assaying the expression level of a certain polypeptide in cells or body fluid of an individual 
using an albumin fusion protein of the invention; and (b) comparing the assayed polypeptide 

25 expression level with a standard polypeptide expression level, whereby an increase or 
decrease in the assayed polypeptide expression level compared to the standard expression 
level is indicative of a disorder. With respect to cancer, the presence of a relatively high 
amount of transcript in biopsied tissue from an individual may indicate a predisposition for the 
development of the disease, or may provide a means for detecting the disease prior to the 

30 appearance of actual clinical symptoms. A more definitive diagnosis of this type may allow 
health professionals to employ preventative measures or aggressive treatment earlier thereby 
preventing the development or further progression of the cancer. 

Moreover, albumin fusion proteins of the present invention can be used to treat or 
prevent diseases or conditions such as, for example, neural disorders, immune system 

35 disorders, muscular disorders, reproductive disorders, gastrointestinal disorders, pulmonary 
disorders, cardiovascular disorders, renal disorders, proliferative disorders, and/or cancerous 
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diseases and conditions. For example, patients can be administered a polypeptide of the 
present invention in an effort to replace absent or decreased levels of the polypeptide (e.g., 
insulin), to supplement absent or decreased levels of a different polypeptide (e.g., 
hemoglobin S for hemoglobin B, SOD, catalase, DNA repair proteins), to inhibit the activity 
5 of a polypeptide (e.g., an oncogene or tumor supressor), to activate the activity of a 
polypeptide (e.g., by binding to a receptor), to reduce the activity of a membrane bound 
receptor by competing with it for free ligand (e.g., soluble TNF receptors used in reducing 
inflammation), or to bring about a desired response (e.g., blood vessel growth inhibition, 
enhancement of the immune response to proliferative cells or tissues). 

10 In particular, albumin fusion proteins comprising of at least a fragment or variant of a 

Therapeutic antibody can also be used to treat disease (as described supra, and elsewhere 
herein). For example, administration of an albumin fusion protein comprising of at least a 
fragment or variant of a Therapeutic antibody can bind, and/or neutralize the polypeptide to 
which the Therapeutic antibody used to make the albumin fusion protein immunospecifically 

15 binds; and/or reduce overproduction of the polypeptide to which the Therapeutic antibody 
used to make the albumin fusion protein immunospecifically binds. Similarly, administration 
of an albumin fusion protein comprising of at least a fragment or variant of a Therapeutic 
antibody can activate the polypeptide to which the Therapeutic antibody used to make tihie 
albumin fusion protein immunospecifically binds, by binding to the polypeptide bound to a 

20 membrane (receptor). 

At the very least, the albumin fusion proteins of the invention of the present invention 
can be used as molecular weight markers on SDS-PAGE gels or on molecular sieve gel 
filtration colmnns using methods well known to those of skill in the art. Albumin fusion 
proteins of the invention can also be used to raise antibodies, which in turn may be used to 

25 measure protein expression of the Therapeutic protein, albumin protein, and/or the albumin 
fusion protein of the invention from a recombinant cell, as a way of assessing transformation 
of the host cell, or in a biological sample. Moreover, the albumin fusion proteins of the 
present invention can be used to test the biological activities described herein. 

30 Diagnostic Assays 

The compoxmds of the present invention are useful for diagnosis, treatment, 
prevention and/or prognosis of various disorders in mammals, preferably humans. Such 
disorders include, but are not limited to, those described for each Therapeutic protein in the 
corresponding row of Table 1 and herein under the section headings "Immime Activity," 

35 "Blood Related Disorders,*' "Hyperproliferative Disorders," "Renal Disorders," 
"Cardiovascular Disorders," "Respiratory Disorders," "Anti-Angiogenesis Activity," 
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"Diseases at the Cellular Level,'* "Wound Healing and Epithelial Cell Proliferation," "Neural 
Activity and Neurological Diseases," "Endocrine Disorders," "Reproductive System 
Disorders," "Infectious Disease," "Regeneration," and/or "Gastrointestinal Disorders," infra. 
For a number of disorders, substantially altered (increased or decreased) levels of 
5 gene expression can be detected in tissues, cells or bodily fluids (e.g., sera, plasma, urine, 
semen, synovial fluid or spinal fluid) taken from an individual having such a disorder, relative 
to a "standard" gene expression level, that is, the expression level in tissues or bodily fluids 
from an individual not having the disorder. Thus, the invention provides a diagnostic method 
useful during diagnosis of a disorder, which involves measuring the expression level of the 

10 gene encoding a polypeptide in tissues, cells or body fluid from an individual and comparing 
the measured gene expression level with a standard gene expression level, whereby an 
increase or decrease in the gene expression level(s) compared to the standard is indicative of a 
disorder. These diagnostic assays may be performed in vivo or in vitro, such as, for 
example, on blood samples, biopsy tissue or autopsy tissue. 

15 The present invention is also useful as a prognostic indicator, whereby patients 

exhibiting enhanced or depressed gene expression will experience a worse clinical outcome 

By "assaying the expression level of the gene encoding a polypeptide" is intended 

-a 

qualitatively or quantitatively measuring or estimating the level of a particular polypeptide 
(e.g. a polypeptide corresponding to a Therapeutic protein disclosed in Table 1) or the level of 

20 the mRNA encoding the polypeptide of the invention in a first biological sample either directly 
(e.g., by determining or estimating absolute protein level or mRNA level) or relatively (e.g., 
by comparing to the polypeptide level or mRNA level in a second biological sample). 
Preferably, the polypeptide expression level or mRNA level in the first biological sample is 
measured or estimated and compared to a standard polypeptide level or mRNA level, the 

25 standard being taken from a second biological sample obtained from an individual not having 
the disorder or being determined by averaging levels from a population of individuals not 
having the disorder. As will be appreciated in the art, once a standard polypeptide level or 
mRNA level is known, it can be used repeatedly as a standard for comparison. 

By "biological sample" is intended any biological sample obtained from an individual, 

30 cell line, tissue culture, or other source containing polypeptides of the invention (including 
portions diereof) or mRNA. As indicated, biological samples include body fluids (such as 
sera, plasma, urine, synovial fluid and spinal fluid) and tissue sources found to express the 
full length or fragments thereof of a polypeptide or mRNA. Methods for obtaining tissue 
biopsies and body fluids from mammals are well known in the art. Where the biological 

35 sample is to include mRNA, a tissue biopsy is the preferred source. 

Total cellular RNA can be isolated from a biological sample using any suitable 
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technique such as the single-step guanidinium-thiocyanate-phenol--chlorofonn method 
described in Chomczynski and Sacchi, Anal. Biochem. 162:156-159 (1987). Levels of 
mRNA encoding the polypeptides of the invention are then assayed using any appropriate 
method. These include Northern blot analysis, SI nuclease mapping, the polymerase chain 
5 reaction (PGR), reverse transcription in combination with the polymerase chain reaction 
(RT-PCR), and reverse traniscription in combination with the ligase chain reaction (RT-LCR). 

The present invention also relates to diagnostic assays such as quantitative and 
diagnostic assays for detecting levels of polypeptides that bind to, are bound by, or associate 
with albumin fusion proteins of the invention, in a biological sample (e.g., cells and tissues), 

1 0 including determination of normal and abnoraial levels of polypeptides. Thus, for instance, a 
diagnostic assay in accordance with the invention for detecting abnormal expression of 
polypeptides that bind to, are bound by, or associate with albumin fusion proteins compared 
to normal control tissue samples may be used to detect the presence of tumors. Assay 
techniques that can be used to determine levels of a polypeptide that bind to, are bound by, or 

15 associate with albumin fusion proteins of the present invention in a sample derived from a 
host are well-known to those of skill in the art. Such assay methods include 
radioimmunoassays, competitive-binding assays. Western Blot analysis and ELISA assays. 
Assaying polypeptide levels in a biological sample can occur using any art-known method. 

Assaying polypeptide levels in a biological sample can occur using a variety of 

20 techniques. For example, polypeptide expression in tissues can be studied with classical 
immunohistological methods (Jalkanen et al., J. Cell. Biol. 101:976-985 (1985); Jalkanen, 
M., et al., J, Cell , Biol. 105:3087-3096 (1987)), Other methods useful for detecting 
polypeptide gene expression include immunoassays, such as the enzyme linked 
immunosorbent assay (ELISA) and the radioimmunoassay (RIA). Suitable antibody assay 

25 labels are known in the art and include enzyme labels, such as, glucose oxidase, and 
radioisotopes, such as iodine (^^^I, ^^^I), carbon (^"^C), sulfur (^^S), tritium (^H), indium 
(^^^In), and technetium (^^"Tc), and fluorescent labels, such as fluorescein and rhodamine, 
and biotin. 

The tissue or cell type to be analyzed will generally include those which are known, or 
30 suspected, to express the gene of interest (such as, for example, cancer). The protein 
isolation methods employed herein may, for example, be such as those described in Harlow 
and Lane (Harlow, E. and Lane, D., 1988, "Antibodies: A Laboratory Manual", Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, New York), which is incorporated herein by 
reference in its entirety. The isolated cells can be derived from cell culture or from a patient. 
35 The analysis of cells taken from culture may be a necessary step in the assessment of cells that 
could be used as part of a cell-based gene therapy technique or, alternatively, to test the effect 
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of compounds on the expression of the gene. 

For example, albumin fusion proteins may be used to quantitatively or quaUtatively 
detect the presence of polypeptides that bind to, are bound by, or associate with albumin 
fusion proteins of the present invention. This can be accomplished, for example, by 
5 immunofluorescence techniques employing a fluorescently labeled albumin fusion protein 
coupled with light microscopic, flow cytometric, or fluorimetric detection. 

In a preferred embodiment, albumin fusion proteins comprising at least a fragment or 
variant of an antibody that immunospecifically binds at least a Therapeutic protein disclosed 
herein (e.g., the Therapeutic proteins disclosed in Table 1) or otherwise known in the art may 

10 be used to quantitatively or qualitatively detect the presence of gene products or conserved 
variants or peptide fragments thereof. This can be accomplished, for example, by 
immunofluorescence techniques employing a fluorescently labeled antibody coupled with light 
microscopic, flow cytometric, or fluorimetric detection. 

The albumin fusion proteins of the present invention may, additionally, be employed 

15 histologically, as in immunofluorescence, immunoelectron microscopy or non-immunological 
assays, for in situ detection of polypeptides that bind to, are bound by, or associate with an 
albumin fusion protein of the present invention. In situ detection may be accomplished by 
removing a histological specimen from a patient, and applying thereto a labeled antibody or 
polypeptide of the present invention. The albumin fusion proteins are preferably applied by 

20 overlaying the labeled albumin fusion proteins onto a biological sample. Through the use of 
such a procedure, it is possible to determine not only the presence of the polypeptides that 
bind to, are bound by, or associate with albumin fusion proteins, but also its distribution in 
the examined tissue. Using the present invention, those of ordinary skill will readily perceive 
that any of a wide variety of histological methods (such as staining procedures) can be 

25 modified in order to achieve such in situ detection. 

Immunoassays and non-immunoassays that detect polypeptides that bind to, are 
bound by, or associate with albumin fusion proteins will typically comprise incubating a 
sample, such as a biological fluid, a tissue extract, freshly harvested cells, or lysates of cells 
which have been incubated in cell culture, in the presence of a detectably labeled antibody 

30 capable of binding gene products or conserved variants or peptide fragments thereof, and 
detecting the bound antibody by any of a number of techniques well-known in the art. 

The biological sample may be brought in contact with and immobilized onto a soHd 
phase support or carrier such as nitrocellulose, or other solid support which is capable of 
immobilizing cells, cell particles or soluble proteins. The support may then be washed with 

35 suitable buffers followed by treatment with the detectably labeled albuntun fusion protein of 
the invention. The solid phase support may then be washed with the buffer a second time to 
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remove unbound antibody or polypeptide. Optionally the antibody is subsequently labeled. 
The amount of bound label on solid support may then be detected by conventional means. 

By "solid phase support or carrier" is intended any support capable of binding a 
polypeptide (e.g., an albumin fusion protein, or polypeptide that binds, is bound by, or 
5 associates with an albumin fusion protein of the invention.) Well-known supports or carriers 
include glass, polystyrene, polypropylene, polyethylene, dextran, nylon, amylases, natural 
and modified celluloses, polyacrylaraides, gabbros, and magnetite. The nature of the carrier 
can be either soluble to some extent or insoluble for the purposes of the present invention. 
The support material may have virtually any possible structural configuration so long as the 

10 coupled molecule is capable of binding to a polypeptide. Thus, the support configuration may 
be spherical, as in a bead, or cylindrical, as in the inside surface of a test tube, or the external 
surface of a rod. Alternatively, the surface may be flat such as a sheet, test strip, etc. 
Preferred supports include polystyrene beads. Those skilled in the art will know many other 
suitable carriers for binding antibody or antigen, or will be able to ascertain the same by use 

15 of routine experimentation. 

The binding activity of a given lot of albumin fusion protein may be determined 
according to well known methods. Those skilled in the art will be able to detemiine operative 
and optimal assay conditions for each determination by employing routine experimentation. 

In addition to assaying polypeptide levels in a biological sample obtained from an 

20 individual, polypeptide can also be detected in vivo by imaging. For example, in one 
embodiment of the invention, albumin fusion proteins of the invention are used to image 
diseased or neoplastic cells. 

Labels or markers for in vivo imaging of albumin fusion proteins of the invention 
include those detectable by X-radiography, NMR, MRI, CAT-scans or ESR. For 

25 X-radiography, suitable labels include radioisotopes such as barium or cesium, which emit 
detectable radiation but are not overtly harmful to the subject. Suitable markers for NMR and 
ESR include those with a detectable chamcteristic spin, such as deuterium, which may be 
incorporated into the albumin fusion protein by labeling of nutrients of a cell line (or bacterial 
or yeast strain) engineered. 

30 Additionally, albumin fusion proteins of the invention whose presence can be 

detected, can be administered. For example, albumin fusion proteins of the invention labeled 
with a radio-opaque or other appropriate compound can be administered and visualized in 
vivo, as discussed, above for labeled antibodies. Further, such polypeptides can be utihzed 
for in vitro diagnostic procedures. 

35 A polypeptide-specific antibody or antibody fragment which has been labeled with an 

appropriate detectable imaging moiety, such as a radioisotope (for example, ^^^I, ^^^In, ^^"'Tc), 
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a radio-opaque substance, or a material detectable by nuclear magnetic resonance, is 
introduced (for example, parenterally, subcutaneously or intraperitoneally) into the mammal to 
be examined for a disorder. It will be understood in the art that the size of the subject and the 
imaging system used will determine the quantity of imaging moiety needed to produce 
5 diagnostic images. In the case of a radioisotope moiety, for a human subject, the quantity of 
radioactivity injected will normally range from about 5 to 20 millicuries of ^^™Tc. The labeled 
albumin fusion protein will then preferentially accumulate at the locations in the body which 
contain a polypeptide or other substance that binds to, is bound by or associates with an 
albumin fusion protein of the present invention. In vivo tumor imaging is described in S. W. 

10 Burchiel et al., "Immunopharmacokinetics of Radiolabeled Antibodies and Their Fragments" 
(Chapter 13 in Tumor Imaging: The Radiodiemical Detection of Cancer^ S.W. Burchiel and 
B. A. Rhodes, eds., Masson Publishing Inc. (1982)). 

One of the ways in which an albumin fusion protein of the present invention can be 
detectably labeled is by linking the same to a reporter enzyme and using the linked product in 

15 an enzyme immunoassay (EIA) (VoUer, A., *The Enzyme Linked Immunosorbent Assay 
(ELISA)", 1978, Diagnostic Horizons 2:1-7, Microbiological Associates Quarterly 
PubUcation, Walkersville, MD); VoUer et al., /. Clin. Pathol 31:507-520 (1978); Butler, 
I.E., Meth. EnzymoL 73:482-523 (1981); Maggio, R (ed.), 1980, Enzyme Immunoassay, 
CRC Press, Boca Raton, FL,; Ishikawa, E. et al., (eds.), 1981, Enzyme Immunoassay, 

20 Kgaku Shoin, Tokyo). The reporter enzyme which is bound to the antibody will react with 
an appropriate substrate, preferably a chromogenic substrate, in such a manner as to produce 
a chemucal moiety which can be detected, for example, by spectrophotometric, fluorimetric or 
by visual means. Reporter enzymes which can be used to detectably label the antibody 
include, but are not limited to, malate dehydrogenase, staphylococcal nucleeise, delta-5-steroid 

25 isomerase, yeast alcohol dehydrogenase, alpha-glycerophosphate, dehydrogenase, triose 
phosphate isomerase, horseradish peroxidase, alkaline phosphatase, asparaginase, glucose 
oxidase, beta-galactosidase, ribonuclease, urease, catalase, glucose-6-phosphate 
dehydrogenase, glucoamylase and acetylcholinesterase. Additionally, the detection can be 
accomplished by colorimetric methods which employ a chromogenic substrate for the reporter 

30 enzyme. Detection may also be accomplished by visual comparison of the extent of enzymatic 
reaction of a substrate in comparison with similarly prepared standards. 

Albumin fusion proteins may also be radiolabelled and used in any of a variety of 
other immunoassays. For example, by radioactively labeling the albumin fusion proteins, it is 
possible to the use the albumin fusion proteins in a radioimmunoassay (RIA) (see, for 

35 example, Weintraub, B., Principles of Radioimmunoassays, Seventh Training Course on 
Radioligand Assay Techniques, The Endocrine Society, March, 1986, which is incorporated 
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by reference herein). The radioactive isotope can be detected by means including, but not 
limited to, a gamma counter, a scintillation counter, or autoradiography. 

It is also possible to label the albumin fusion proteins with a fluorescent compound. 
When the fluorescently labeled antibody is exposed to Hght of the proper wave length, its 
5 presence can then be detected due to fluorescence. Among the most commonly used 
fluorescent labeling compounds are fluorescein isothiocyanate, rhodamine, phycoerythrin, 
phycocyanin, allophycocyanin, ophthaldehyde and fluorescamine. 

The albumin fusion protein can also be detectably labeled using fluorescence emitting 
metals such as ^^^Eu, or others of the lantfianide series. These metals can be attached to the 
10 antibody using such metal chelating groups as diethylenetriaminepentacetic acid (DTPA) or 
ethylenediaminetetraacetic acid (EDTA). 

The albumin fusion proteins can also can be detectably labeled by coupling it to a 
chemiluminescent compound. The presence of the chemiluminescent-tagged albumin fusion 
protein is then determined by detecting the presence of luminescence that arises during the 
15 course of a chemical reaction. Examples of particularly useful chemiluminescent labeling 
compounds are luminol, isoluminol, theromatic acridinium ester, imidazole, acridinium ^ salt 
and oxalate ester. 

Likewise, a bioluminescent compound may be used to label albumin fusion proteins 
of the present invention. Bioluminescence is a type of chemiluminescence found in biological 
20 systems in, which a catalytic protein increases the efficiency of the chemiluminescent reaction. 
The presence of a bioluminescent protein is determined by detecting the presence of 
lunciinescence. Important bioluminescent compounds for purposes of labeling are luciferin, 
luciferase and aequorin. 

25 Transgenic Organisms 

Transgenic organisms that express the albumin fusion proteins of the invention are 
also included in the invention. Transgenic organisms are genetically modified organisms into 
which recombinant, exogenous or cloned genetic material has been transferred. Such genetic 
material is often referred to as a transgene. The nucleic acid sequence of the transgene may 

30 include one or more transcriptional regulatory sequences and other nucleic acid sequences 
such as introns, that may be necessary for optimal expression and secretion of the encoded 
protein. The transgene may be designed to direct the expression of the encoded protein in a 
manner that facilitates its recovery from the organism or from a product produced by the 
organism, e,g. from the milk, blood, urine, eggs, hair or seeds of the organism. The 

35 transgene may consist of nucleic acid sequences derived from the genome of the same species 
or of a different species than the species of the target animal. The transgene may be integrated 
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either at a locus of a genome where that particular nucleic acid sequence is not otherwise 
normally foimd or at the normal locus for the transgene. 

The term "germ cell line transgenic organism" refers to a transgenic organism in which 
the genetic alteration or genetic information was introduced into a germ line cell, thereby 
5 conferring the ability of the transgenic organism to transfer the genetic information to 
offspring. If such offspring in fact possess some or all of that alteration or genetic 
information, then they too are transgenic organisms. The alteration or genetic information 
may be foreign to the species of organism to which the recipient belongs, foreign only to the 
particular individual recipient, or may be genetic information already possessed by the 
10 recipient. In the last case, the altered or introduced gene may be expressed differently than the 
native gene. 

A transgenic organism may be a transgenic animal or a transgenic plant. Transgenic 
animals can be produced by a variety of different methods including transfection, 
electroporation, microinjection, gene targeting in embryonic stem cells and recombinant viral 

15 and retroviral infection {see, e.g., U.S. Patent No. 4,736,866; U.S. Patent No. 5,602,307; 
MuUins et aL (1993) Hypertension 22(4):630-633; Brenin et al (1997) Surg. Oncol. 6(2)99- 
110; Tuan (ed.), Recombinant Gene Expression Protocols, Methods in Molecular Biology 
No. 62, Humana Press (1997)). The method of introduction of nucleic acid fragments into 
recombination competent mammalian cells can be by any method which favors 

20 co-transformation of multiple nucleic acid molecules. Detailed procedures for producing 
transgenic animals are readily available to one skilled in the art, including the disclosures in 
U.S; Patent No. 5,489,743 and U.S. Patent No. 5,602,307. 

A number of recombinant or transgenic mice have been produced, including those 
which express an activated oncogene sequence (U.S. Patent No. 4,736,866); express simian 

25 SV40 T-antigen (U.S. Patent No. 5,728,915); lack the expression of interferon regulatory 
factor 1 (IRF-1) (U.S. Patent No. 5,731,490); exhibit dopaminergic dysfunction (U.S. 
Patent No. 5,723,719); express at least one human gene which participates in blood pressure 
control (U.S. Patent No. 5,731,489); display greater similarity to the conditions existing in 
naturally occurring Alzheimer's disease (U.S. Patent No. 5,720,936); have a reduced 

30 capacity to mediate cellular adhesion (U.S. Patent No. 5,602,307); possess a bovine growth 
hormone gene (Clutter et al (1996) Genetics 143(4): 1753-1760); or, are capable of 
generating a fully human antibody response (McCarthy (1997) The Lancet 349(9049):405). 

While mice and rats remain the animals of choice for most transgenic experimentation, 
in some instances it is preferable or even necessary to use alternative animal species. 

35 Transgenic procedures have been successfully utilized in a variety of non-murine animals, 
including sheep, goats, pigs, dogs, cats, monkeys, chimpanzees, hamsters, rabbits, cows 
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and guinea pigs {see, e.g,, Kim et ah (1997) Mol. Reprod. Dev. 46(4):5 15-526; Houdebine 
(1995) Reprod. Nutr. Dev. 35(6):609-617; Fetters (1994) Reprod, Fertil. Dev. 6(5):643-645; 
Schnieke et al. (1997) Science 278(5346):2130-2133; and Amoah (1997) J. Animal Science 
75(2):578-58S). 

5 To direct the secretion of the transgene-encoded protein of the invention into the nulk 

of transgenic mammals, it may be put under the control of a promoter that is preferentially 
activated in manunary epithelial cells. Promoters that control the genes encoding milk 
proteins are preferred, for example the promoter for casein, beta lactoglobulin, whey acid 
protein, or lactalbumin (see, e.g., DiTullio (1992) BioTechnology 10:74-77; Clark et al 
10 (1989) BioTechnology 7:487-492; Gorton et al (1987) BioTechnology 5:1183-1187; and 
Soulier et aL (1992) FEBS Letts. 297:13). The transgenic mammals of choice would produce 
large volumes of .milk and have long lactating periods, for example goats, cows, camels or 
sheep. 

An albumin fusion protein of the invention can also be expressed in a transgenic plant, 
15 e.g. a plant in which the DNA transgene is inserted into the nuclear or plastidic genome. 
Plant transformation procedures used to introduce foreign nucleic acids into plant cells or 
protoplasts are known in the art (e.g., see Example 19). See, in general. Methods in 
Enzymology Vol. 153 ("Recombinant DNA Part D*') 1987, Wu and Grossman Eds., 
Academic Press and European Patent Application EP 693554. Methods for generation of 
20 genetically engineered plants are further described in US Patent No. 5,283,184, US Patent 
No. 5, 482,852, and European Patent Application EP 693 554, all of which are hereby 
incorporated by reference. 

Pharmaceutical or Therapeutic Compositions 

25 The albumin fusion proteins of the invention or formulations thereof may be 

administered by any conventional method including parenteral (e,g. subcutaneous or 
intramuscular) injection or intravenous infusion. The treatment may consist of a single dose or 
a plurality of doses over a period of time. 

While it is possible for an albumin fusion protein of the invention to be administered 

30 alone, it is preferable to present it as a pharmaceutical formulation, together with one or more 
acceptable carriers. The carrier(s) must be "acceptable" in the sense of being compatible with 
the albumin fusion protein and not deleterious to the recipients thereof. Typically, the carriers 
will be water or saline which will be sterile and pyrogen free. Albuntiin fusion proteins of the 
invention are particularly well suited to formulation in aqueous carriers such as sterile pyrogen 

35 free water, saline or other isotonic solutions because of their extended shelf-life in solution. 
For instance, pharmaceutical compositions of the invention may be formulated well in 
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advance in aqueous form, for instance, weeks or months or longer time periods before being 
dispensed. 

For example, wherein the Therapeutic protein is hGH, EPO, alpha-IFN or beta-IFN, 
formulations containing the albumin fusion protein may be prepared taking into account the 
5 extended shelf-life of the albumin fusion protein in aqueous formulations. As exhibited in 
Table 2, most Therapeutic proteins are unstable with short shelf-lives after formulation with 
an aqueous carrier. As discussed above, the shelf-life of many of these Therapeutic proteins 
are markedly increased or prolonged after fusion to HA. 

10 Table 2 



Protein 


Tradename, 

Manufacturer 


Route 


Formulation 


Storage Conditions of ' 
Non-Fusion Protein 


Interferon, 
alpha-2a 


Roferon-A, 
Hoffmann-LaRoche 


sc 
im 


sol__n 

(vial or pre-fiUed 

syringe) 


4-8°C 


Interferon, 
alpha-2b 


Intron-A, 
Schering Plough 


iv sc im 


sol_n; 

powder + dil. 


4-8°C 

(all preps, before and after 

dilution) 


COMBO 
Interferon alpha- 
lb + 
Ribavirin 


Rebetron (Intron-A 
+ Rebetol) 
Schering Plough 


po 

+ 

sc 


Rebetol capsule 
+ Intron-A injeqtion 




Interferon, 
Alphacon-1 


Infergen 
Amgen 


sc 


soLn 


4-8°C 


Interferon, 

alpha-nl, 
Lympho- 

blastoid 


Wellferon, 
Wellcome 


sc 
im 


soLn 

(with albumin „as 
stablizer_3 


4-8°C 


Interferon, 
beta- la 


Avonex, 
Biogen 


im 


powder + dil. 
(with albumin) 


4-8°C 

(before and after dilution) 
(Use within 3-6h of 
reconstitution) 




Rebif, 
Ares-Serono 
(Europe only) 


sc 


soLn, 

in pre-fiUed syringe 




Interferon, 
beta-lb 


Betaseron, 
Chiron 

(Europe: Betaferon) 


sc 


powder + dil. 
(with albumin) 


4-8°C 

(before and after dilution) 
(Use within 3h of 
reconstitution) 
Single use vials. 


Interferon, 
Gamma-lb 


Actimmune, 

InterMune 

Pharmaceuticals 


sc 




4-8°C 

(before and after dilution) 
(Use within 3h of 
reconstitution). 
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Protein 


Tiactename, 
Manufacturer 


Route 


Formulation 


Storage Conditions of 
Non-Fusion Protein 












Growth 

Hoimone 

(somatropin) 


Ct Rn ntroni ri 

Pharmacia Upjohn 




"nnwHftr/dlil cartrifipp*! 

(single or multi-use); 
single use MiniQuick 
injector 


4-8°C 

(before and after dilution); 
single use MiniQuick 
Delivery Device should 
be refrigerated until use. 




Humatrope, 
Eli Lilly 


sc 
im 


powder + dil. 

(Vial or pen cartridge) 


4-8°C 

(before and after dilution) 

(Use vials within 25h, 
cartridges within 28d, of 
reconstitudon). 


1 


Norditropin, 
Novo Nordisk 
Pharmaceuticals 










Nutropin, 
Genentech 


sc 


powder + dil. 


(stable for 14d after diLn) 
(all preps, before and after 
dilution) 




Nutropin AQ, 
Genentech 


sc 


solji 


4-8°C 

(Stable for 28 d after 1st 




Nutropin Depot, 
Genentech 


sc 


microsphere suspension 
as 

powder + dil. 


4-8°C 

Single use pkges. Dose 
l-2x/month (PYoLesise 

micro-encaDs ulati on 
technol.) 




Saizen, 


sc 
im 

A AAA 


powder + dil. 


Powder ^should be stored 
at Rm TemD After 
reconstitution store 4~ 
8°C for up to 14d. 




Serostim, 
Serono 






Powder _should be stored 
at Rm Temp__. After 
reconstitution store in 4- 
8°C for up to 14d. 


hGH, with 
N-tenn. Met 
(somatrem) 


Protropin, 
Genentech 


SC 

■ 

im 


powder + dil. 


^8^C 

(all preps, before and 
after dilution) 












Erythropoietin 
(Epoetin alfa) 


Epogen, . 
Amgen 


iv 

SC 


soLn 


4-8°C 

(use within 2 Id of first 
use) 

(Single & multi-dose 
vials) 



343 



wo 01/79444 



PCT/USOl/12013 



Protein 


Tradename, 
Maaufacturer 


Route 


Formulation 


Storage Conditions of 
Non-Fusion Protein 




Procrit, 


iv 


sol_n 


4-8°C 




Amgen 


sc 




(use within 21d of first 










use) 










(Single & multi-dose 










vials) 



In instances where aerosol administration is appropriate, the albumin fusion proteins 
of the invention can be formulated as aerosols using standard procedures. The term "aerosol" 
5 includes any gas-borne suspended phase of an albumin fusion protein of the instant invention 
which is capable of being inhaled into the bronchioles or nasal passages. Specifically, aerosol 
includes a gas-borne suspension of droplets of an albumin fusion protein of the instant 
invention, as may be produced in a metered dose inhaler or nebulizer, or in a mist sprayer. 
Aerosol also includes a dry powder composition of a compound of the instant invention 
10 suspended in air or other carrier gas, which may be delivered by insufflation from an inhaler 
device^ for example. See Ganderton & Jones, Drug Delivery to the Respiratory Tract, Ellis 
Horwood (19 87); Gonda (1990) Critical Reviews in Therapeutic Drug Carrier Systems 
. 6:273-313; and Raeburn et al,. (1992) Pharmacol Toxicol Methods 27: 143-159. 

The formulations of the invention are also typically non-immunogenic, in part, 
15 because of the use of the components of the albumin fusion protein being derived from the 
proper species. For instance, for human use, both the Therapeutic protein and albumin 
portions of the albumin fusion protein will typically be human. In some cases, wherein either 

I 

component is non human-derived, that component may be humanized by substitution of key 
amino acids so that specific epitopes appear to the human immune system to be human in 

20 nature rather than foreign. 

The formulations may conveniently be presented in unit dosage form and may be 
prepared by any of the methods well known in the art of pharmacy. Such methods include the 
step of bringing into association the albumin fusion protein with the carrier tliat constitutes 
one or more accessory ingredients. In general the formulations are prepared by uniformly and 

25 intimately bringing into association the active ingredient with liquid carriers or finely divided 
solid carriers or both, and then, if necessary, shaping the product 

Formulations suitable for parenteral administration include aqueous and non-aqueous 
sterile injection solutions which may contain anti-oxidants, buffers, bacteriostats and solutes 
which render the formulation appropriate for the intended recipient; and aqueous and 

30 non-aqueous sterile suspensions which may include suspending agents and thickening agents. 
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The formulations may be presented in unit-dose or multi-dose containers, for example sealed 
ampules, vials or syringes, and may be stored in a freeze-dried (lyophilised) condition 
requiring only the addition of the sterile liquid carrier, for example water for injections, 
immediately prior to use. Extemporaneous injection solutions and suspensions may be 
5 prepared from sterile powders. Dosage formulations may contain the Therapeutic protein 
portion at a lower molar concentration or lower dosage compared to the non-fused standard 
formulation for the Therapeutic protein given the extended serum half-lif e exhibited by many 
of the albumin fusion proteins of the invention. 

As an example, when an albumin fusion protein of flie invention comprises growth 

10 hormone as one or more of the Therapeutic protein regions, the dosage form can be calculated 
on the basis of the potency of the albumin fusion protein relative to the potency of hGH, 
while taking into account the prolonged serum half-life and shelf-life of the albumin fusion 
proteins compared to that of native hGH. Growth hormone is typically administered at 0.3 to 
30.0 lU/kg/week, for example 0.9 to 12.0 lU/kg/week, given in three or seven divided doses 

15 for a year or more. In an albumin fusion protein consisting of full length HA fused to full 
length GH, an equivalent dose in terms of units would represent a greater weight of agent but 
the dosage frequency can be reduced, for example to twice a week, once a week or less. 

Formulations or compositions of the invention may be packaged together with, or 
included in a kit with, instructions or a package insert referring to the extended shelf-life of 

20 the albumin fusion protein component. For instance, such instructions or package inserts 
may address recommended storage conditions, such as time, temperature and light, taking 
into account the extended or prolonged shelf-life of the albumin fusion proteins of the 
invention. Such instructions or package inserts may also address the particular advantages of 
the albumin fusion proteins of the inventions, such as the ease of storage for formulations that 

25 may require use in the field, outside of controlled hospital, clinic or office conditions. As 
described above, formulations of the invention may be in aqueous form and may be stored 
under less than ideal circumstances without significant loss of therapeutic activity. 

Albumin fusion proteins of the invention can also be included in nutraceuticals. For 
instance, certain albumin fusion proteins of the invention may be administered in natural 

30 products, including milk or milk product obtained from a transgenic mammal which expresses 
albumin fusion protein. Such compositions can also include plant or plant products obtained 
from a transgenic plant which expresses the albumin fusion protein. The albumin fusion 
protein can also be provided in powder or tablet form, with or without other known additives, 
carriers, fillers and diluents. Nutraceuticals are described in Scott Hegenhart, Food Product 

35 Design, Dec. 1993. 

The invention also provides methods of treatment and/or prevention of diseases or 
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disorders (such as, for example, any one or more of the diseases or disorders disclosed 
herein) by administration to a subject of an effective amount of an albumin fusion protein of 
the invention or a polynucleotide encoding an albumin fusion protein of the invention 
("albumin fusion polynucleotide") in a pharmaceutically acceptable carrier. 
5 The albumin fusion protein and/or polynucleotide will be formulated and dosed in a 

fashion consistent with good medical practice, taking into account the clinical condition of the 
individual patient (especially the side effects of treatment with the albumin fusion protein 
and/or polynucleotide alone), the site of delivery, the method of administration, the 
scheduling of administration, and other factors known to practitioners. The "effective 

10 amount" for purposes herein is thus determined by such considerations. 

As a general proposition, the total pharaiaceutically effective amount of the albumin 
fusion protein administered parenterally per dose will be in the range of about lug/kg/day to 
10 mg/kg/day of patient body weight, although, as noted above, this will be subject to 
therapeutic discretion. More preferably, this dose is at least 0.01 mg/kg/day, and most 

'15 preferably for humans between about 0.01 and 1 mg/kg/day for the hormone. If given 
continuously, the albumin fusion protein is typically administered at a dose rate of about 1 
ug/kg/hour to about 50 ug/kg/hour, either by 1-4 injections per day or by continuous 
subcutaneous infusions, for example, using a mini-pump. An intravenous bag solution may 
also be employed. The length of treatment needed to observe changes and the interval 

20 following treatment for responses to occur appears to vary depending on the desired effect. 

Albumin fusion proteins and/or polynucleotides can be are administered orally, 
rectally, parenterally, intracistemally, intravaginally, intraperitoneally, topically (as by 
powders, ointments, gels, drops or transdermal patch), bucally, or as an oral or nasal spray. 
"Pharmaceutically acceptable carrier" refers to a non-toxic solid, semisolid or liquid filler, 

25 diluent, encapsulating material or formulation auxiliary of any. The term "parenteral'' as used 
herein refers to modes of administration which include intravenous, intramuscular, 
intraperitoneal, intrastemal, subcutaneous and intraarticular injection and infusion. 

Albumin fusion proteins and/or polynucleotides of the invention are also suitably 
administered by sustained-release systems. Examples of sustained-release albumin fusion 

30 proteins and/or polynucleotides are administered orally, rectally, parenterally, intracistemally, 
intravaginally, intraperitoneally, topically (as by powders, ointments, gels, drops or 
transdermal patch), bucally, or as an oral or nasal spray. "Pharmaceutically acceptable carrier^' 
refers to a non-toxic solid, semisolid or liquid filler, diluent, encapsulating material or 
formulation auxiliary of any type. The term "parenteral" as used herein refers to modes of 

35 administration which include intravenous, intramuscular, intraperitoneal, intrasternal, 
subcutaneous and intraarticular injection and infusion. Additional examples of sustained- 
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release albumin fusion proteins and/or polynucleotides include suitable polymeric materials 
(such as, for example, semi-permeable polymer matrices in the form of shaped articles, e.g., 
films, or mirocapsules), suitable hydrophobic materials (for example as an emulsion in an 
acceptable oil) or ion exchange resins, and sparingly soluble derivatives (such as, for 
5 example, a sparingly soluble salt). 

Sustained-release matrices include polylactides (U.S. Pat. No, 3,773,919, EP 
58,481), copolymers of L-glutamic acid and gamma-ethyl-L-glutamate (Sidman et al., 
Biopolymers 22:547-556 (1983)), poly (2- hydroxyethyl metjaaciylate) (Langer et al., J. 
Biomed. Mater. Res. 15:167-277 (1981), and Langer, Chem. Tech. 12:98-105 (1982)), 
10 ethylene vinyl acetate (Langer et al.. Id.) or poly-D- (-)-3 -hydroxy butyric acid (EP 133,988). 

Sustained-release albumin fusion proteins and/or polynucleotides also include 
liposomally entrapped albumin fusion proteins and/or polynucleotides of the invention {see 
generally, Langer, Science 249:1527-1533 (1990); Treat et al., in Liposomes in the Therapy 
of Infectious Disease and Cancer, Lopez-Berestein and Fidler (eds.), Liss, New York, pp. 
15 317 -327 and 353-365 (1989)). Liposomes containing the albumin fusion protein and/or 
polynucleotide are prepared by methods known per se: DE 3,218,121; Epstein et al., Proc. 
Natl. Acad. Sci. (USA) 82:3688-3692 (1985); Hwang et al., Proc. Natl. Acad. Sci.(USA) 
77:4030-4034 (1980); EP 52,322; EP 36,676; EP 88,046; EP 143,949; EP 142,641; 
Japanese Pat, Appl. 83-118008; U.S. Pat. Nos. 4,485,045 and 4,544,545; and EP 102,324. 
20 Ordinarily, the liposomes are of the small (about 200-800 Angstroms) unilamellar type in. 
which the hpid content is greater than about 30 mol. percent cholesterol, the selected 
proportion being adjusted for the optimal Therapeutic. 

In yet an additional embodiment, the albumin fusion proteins and/or polynucleotides 
of the invention are delivered by way of a pump (see Langer, supra\ Sefton, CRC Crit. Ref. 
25 Biomed. Eng. 14:201 (1987); Buchwald et al.. Surgery 88:507 (1980); Saudek et al., N. 
Engl. J. Med. 321:574 (1989)). 

Ottier controlled release systems are discussed in tiie review by Langer {Science 
249:1527-1533 (1990)). 

For parenteral administration, in one embodiment, the albumin fusion protein and/or 
30 polynucleotide is formulated generally by mixing it at the desired degree of purity, in a unit 
dosage injectable form (solution, suspension, or emulsion), with a pharmaceutically 
acceptable carrier, i.e., one that is non-toxic to recipients at the dosages and concentrations 
employed and is compatible with other ingredients of the formulation. For example, the 
formulation preferably does not include oxidizing agents and other compounds tiiat are known 
35 to be deleterious to the Therapeutic. 

Generally, the formulations are prepared by contacting the albumin fusion protein 
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and/or polynucleotide uniformly and intimately with liquid carriers or finely divided solid 
carriers or both. Then, if necessary, the product is shaped into the desired formulation. 
Preferably the carrier is a parenteral carrier, more preferably a solution that is isotonic with the 
blood of the recipient. Examples of such carrier vehicles include water, saline. Ringer's 
5 solution, and dextrose solution. Non-aqueous vehicles such as fixed oils and ethyl oleate are 
also useful herein, as well as liposomes. 

The carrier suitably contains minor amounts of additives such as substances that 
enhance isotonicity and chemical stability. Such materials are non-toxic to recipients at the 
dosages and concentrations employed, and include buffers such as phosphate, citrate, 

10 succinate, acetic acid, and other organic acids or their salts; antioxidants such as ascorbic acid; 
low molecular weight (less than about ten residues) polypeptides, e.g., polyarginine or 
tripeptides; proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic 
polymers such as polyvinylpyrrolidone; amino acids, such as glycine, glutamic acid, aspartic 
acid, or arginine; monosaccharides, disaccharides, and other carbohydrates including 

15 cellulose or its derivatives, glucose, manose, or dextrins; chelating agents such as EDTA; 
sugar alcohols such as mannitol or sorbitol; counterions such as sodium; and/or nonionic 
surfactants such as polysorbates, poloxamers, or PEG. 

The albumin fusion protein is typically formulated in such vehicles at a concentration 
of about 0.1 mg/ml to 100 mg/ml, preferably 1-10 mg/ml, at a pH of about 3 to 8. It will be 

20 understood that the use of certain of the foregoing excipients, carriers, or stabilizers will, result 
in the formation of polypeptide salts. 

Any pharmaceutical used for therapeutic administration can be sterile. Sterility is 
readily accomplished by filtration through sterile filtration membranes (e.g., 0.2 micron 
membranes). Albumin fusion proteins and/or polynucleotides generally are placed into a 

25 container having a sterile access port, for example, an intravenous solution bag or vial having 
a stopper pierceable by a hypodermic injection needle. 

Albumin fusion proteins and/or polynucleotides ordinarily will be stored in unit or 
multi-dose containers, for example, sealed ampoules or vials, as an aqueous solution or as a 
lyophilized formulation for reconstitution. As an example of a iyophilized formulation, 10-ml 

30 vials are filled with 5 ml of sterile-filtered 1% (w/v) aqueous albumin fusion protein and/or 
polynucleotide solution, and the resulting mixture is lyophilized. The infusion solution is 
prepared by reconstituting the lyophilized albumin fusion protein and/or polsmucleotide using 
bacteriostatic Water-for-Injection. 

In a specific and preferred embodiment, the Albumin fusion protein formulations 

35 comprises 0.01 M sodium phosphate, 0.15 mM sodium chloride, 0.16 micromole sodium 
octanoate/milligram of fusion protein, 15 micrograms/milliliter polysorbate 80, pH 7.2. In 
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another specific and preferred embodiment, the Albumin fusion protein formulations consists 
0.01 M sodium phosphate, 0.15 mM sodium chloride, 0.16 micromole sodium 
octanoate/milligram of fusion protein, 15 micrograms/milliliter polysorbate 80, pH 7.2. The 
pH and buffer are chosen to match physiological conditions and the salt is added as a 
5 tonicifier. Sodium octanoate has been chosen due to its reported ability to increase the thermal 
stability of the protein in solution. Finally, polysorbate has been added as a generic 
surfactant, which lowers the surface tension of the solution and lowers non-specific 
adsorption of the albumin fusion protein to the container closuie system. 

The invention also provides a pharmaceutical pack or kit comprising one or more 

10 containers filled with one or more of the ingredients of the albumin fusion proteins and/or 
polynucleotides of the invention. Associated with such container(s) can be a notice in the form 
prescribed by a governmental agency regulating the manufacture, use or sale of 
pharmaceuticals or biological products, which notice reflects approval by the agency of 
manufacture, use or sale for human administration. In addition, the albumin fusion proteins 

15 and/or polynucleotides may be employed in conjunction with other therapeutic compounds. 

The albumin fusion proteins and/or polynucleotides of the invention may be 
administered alone or in combination with adjuvants. Adjuvants that may be administered 
with the albumin fusion proteins and/or polynucleotides of the invention include, but are not 
limited to, alum, alum plus deoxycholate (ImmunoAg), MTP-PE (Biocine Corp.), QS21 

20 (Genentech, Inc.), BCG (e.g., THERACYS®), MPL and nonviable preparations of 
Corynebacterium parvum. In a specific embodiment, albumin fusion proteins and/or 
polynucleotides of the invention are administered in combination with alum. In another 
specific embodiment, albumin fusion proteins and/or polynucleotides of the invention are 
administered in combination with QS-21. Further adjuvants that may be administered with 

25 the albumin fusion proteins and/or polynucleotides of the invention include, but are not 
limited to, Monophosphoryl lipid immunomodulator, AdjuVax 100a, QS-21, QS-18, 
CRL1005, Aluminum salts, MF-59, and Virosomal adjuvant technology. Vaccines that may 
be administered with the albumin fusion proteins and/or polynucleotides of the invention 
include, but are not limited to, vaccines directed toward protection against MMR (measles, 

30 mumps, rubella), polio, varicella, tetanus/diptheria, hepatitis A, hepatitis B, Haemophilus 
influenzae B, whooping cough, pneumonia, influenza, Lyme's Disease, rotavirus, cholera, 
yellow fever, Japanese encephalitis, poliomyelitis, rabies, typhoid fever, and pertussis. 
Combinations may be administered either concomitantly, e.g., as an admixture, separately but 
simultaneously or concurrently; or sequentially. This includes presentations in which the 

35 combined agents are administered together as a therapeutic mixture, and also procedures in 
which the combined agents are administered separately but simultaneously, e.g., as through 
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separate intravenous lines into the same individual. Administration "in combination" further 
includes the separate administration of one of the compounds or agents given first, followed 
by the second. 

The albumin fusion proteins and/or polynucleotides of the invention may be 
5 administered alone or in combination with other therapeutic agents. Albumin fusion protein 
and/or polynucleotide agents that may be administered in combination with the albumin fusion 
proteins and/or polynucleotides of the invention, include but not Umited to, chemotherapeutic 
agents, antibiotics, steroidal and non-steroidal anti-inflammatories, conventional 
immunotherapeutic agents, and/or therapeutic treatments described below. Combinations may 

10 be administered either concomitantly, e.g., as an admixture, separately but simultaneously or 
concurrently; or sequentially. This includes presentations in which the combined agents are 
administered together as a therapeutic mixture, and also procedures in which the combined 
agents are administered separately but simultaneously, e.g., as through separate intravenous 
lines into the same individual. Administration "in combination" further includes the separate 

15 administration of one of the compounds or agents given first, followed by the second. 

In one. embodiment, the albumin fusion proteins and/or polynucleotides of the 
invention are administered in combination with an anticoagulant Anticoagulants that may be 
administered with the compositions of tiie invention include, but are not limited to, heparin, 
low molecular weight heparin, warfarin sodium (e.g., COUMADIN®), dicumarol, 4- 

20 hydroxycoumarin, anisindione (e.g., MIRADON™), acenocoumarol (e.g., nicoumalone, 
SINTHROME ), indan- 1 ,3-dione, phenprocouraon (e.g., MARCUMAR^^ ), ethyl 
biscoumacetate (e.g., TROMEXAN™), and aspirin. In a specific embodiment, compositions 
of the invention are administered in combination with heparin and/or warfarin. In another 
specific embodiment, compositions of the invention are administered in combination with 

25 warfarin. In another specific embodiment, compositions of the invention are administered in 
combination with warfarin and aspirin. In another specific embodiment, compositions of the 
invention are administered in combination with heparin. In another specific embodiment, 
compositions of the invention are administered in combination with heparin and aspirin. = 

In another embodiment, the albumin fusion proteins and/or polynucleotides of the 

30 invention are administered in combination with thrombolytic drugs. Thrombolytic drugs that 
may be administered with the compositions of the invention include, but are not limited to, 
plasminogen, lys-plasminogen, alpha2-antiplasmin, streptokinae (e.g., KABIKINASE™), 
antiresplace (e.g., EMINASE^^), tissue plasminogen activator (t-PA, altevase, 
ACTIVASE™), urokinase (e.g., ABBOKINASE™), sauruplase, (Prourokinase, single chain 

35 urokinase), and aminocaproic acid (e.g.,, AMICAR™). In a specijBc embodiment, 
compositions of the invention are administered in combination with tissue plasminogen 

350 



wo 01/79444 



PCT/USOl/12013 



activator and aspirin. 

In another embodiment, the albumin fusion proteins and/or polynucleotides of the 
invention are administered in combination with antiplatelet drugs. Antiplatelet drugs that may 
be administered with the compositions of the invention include, but are not limited to, aspirin, 
5 dipyridamole (e.g., PERSANTINE™ ), and ticlopidine (e.g., TICLID™ ). 

In specific embodiments, the use of anti-coagulants, thrombolytic and/or antiplatelet 
drugs in combination with albumin fusion proteins and/or polynucleotides of the invention is 
contemplated for the prevention, diagnosis, and/or treatment of thrombosis, arterial 
thrombosis, venous thrombosis, thromboembolism, pulmonary embolism, atherosclerosis, 

10 myocardial infarction, transient ischemic attack, unstable angina. In specific embodiments, 
the use of anticoagulants, thrombolytic drugs and/or antiplatelet drugs in combination with 
albumin fusion proteins and/or polynucleotides of the invention is contemplated for the 
prevention of occulsion of saphenous grafts, for reducing the risk of periprocedural 
thrombosis as might accompany angioplasty procedures, for reducing tiie risk of stroke in 

1 5 patients with atrial fibrillation including nomheumatic atrial fibrillation, for reducing the risk 
of embolism associated with mechanical heart valves and or mitral valves disease. Other uses 
for the therapeutics of the invention, alone or in combination with antiplatelet, anticoagulant, 
and/or thrombolytic drugs, include, but are not limited to, the prevention of occlusions in 
extracorporeal devices (e.g., intravascular canulas, vascular access shunts in hemodialysis 

20 patients, hemodialysis machines, and cardiopulmonary bypass machines). 

In certain embodiments, albumin fusion proteins and/or polynucleotides of the 
invention are administered in combination with antiretroviral agents, nucleoside/nucleotide 
reverse transcriptase inhibitors (NRTIs), non-nucleoside reverse transcriptase inhibitors 
(NNRTIs), and/or protease inhibitors (Pis). NRTIs that may be administered in combination 

25 with the albumin fusion proteins and/or polynucleotides of the invention, include, but are not 

limited to, RETROVIR'^ (zidovudine/AZT), VIDEX™ (didanosine/ddl), HIVID™ 

(zalcitabine/ddC), ZERTT™ (stavudine/d4T), EPIVIR™ (lamivudine/3TC), and COMBIVIR"" 

(zidovudine/lamivudine). NNRTIs that may be administered in combination with the albumin 
fusion proteins and/or polynucleotides of the invention, include, but are not limited to, 

30 VIRAMUNE"" (nevirapine), RESCRIPTOR"" (delavirdine), and SUSTIVA"" (efavirenz). 

Protease inhibitors that may be administered in combination with the albmnin fusion proteins 

and/or polynucleotides of the invention, include, but are not limited to, CRIXIVAN™ 

(indinavir), NORVIR™ (ritonavir), INVIRASE™ (saquinavir), and VIRACEPT™ 
(nelfinavir). In a specific embodiment, antiretroviral agents, nucleoside reverse transcriptase 
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inhibitors, non-nucleoside reverse transcriptase inhibitors, and/or protease inhibitors may be 
used in any combination with albumin fusion proteins and/or polynucleotides of the invention 
to treat AIDS and/or to prevent or treat HIV infection. 

Additional NRTIs include LODENOSINE"" (F-ddA; an acid-stable adenosine NRTI; 

5 Triangle/Abbott; COVIRACIL™ (emtricitabine/FTC; structurally related to laraivudine (3TC) 

but with 3- to 10-fold greater activity in vitro; Triangle/Abbott); dOTC (BCH-10652, also 
structurally related to lamivudine but retains activity against a substantial proportion of 
lamivudine-resistant isolates; Biochem Pharma); Adefovir (refused approval for anti-HIV 

therapy by FDA; Gilead Sciences); PREVEON® (Adefovir Dipivoxil, the active prodrug of 

10 adefovir; its active form is PMEA-pp); TENOFOVIR™ (bis-POC PMPA, a PMPA prodrug; 
Gilead); DAPD/DXG (active metaboUte of DAPD; Triangle/Abbott); D-D4FC (related to 3TC, 
with activity against AZT/3TC-resistant virus); GW420867X (Glaxo Wellcome); ZIAGEN™ 
(abacavir/159U89; Glaxo Wellcome Inc.); CS-87 (3'azido-2',3'-dideoxyuridine; WO 
99/66936); and S-acyl-2-thioethyl (SATE)-bearing prodrug forms of P-L-FD4C and P-L- 

1 5 FddC (see. International Publication No. WO 98/ 1728 1). 

Additional NNRTIs include COACTINON™ (Emivirine/MKC-442, potent NNRTI of 

tiie KEPT class; Triangle/Abbott); CAPRAVIRINE™ (AG-1549/S-1153, a next generation : 

' i 
I ■■ ■ P 

NNRTI with activity against viruses containing the K103N mutation; Agouron); PNU- 
142721 (has 20- to 50-fold greater activity than its predecessor delavirdine and is active 

20 against K103N mutants; Pharmacia & Upjohn); DPC-961 and DPC-963 (second-generation 
derivatives of efavirenz, designed to be active against viruses with the K103N mutation; 
DuPont); GW-420867X (has 25-fold greater activity than HBY097 and is active against 
K103N mutants; Glaxo Wellcome); CALANOLIDE A (naturally occurring agent from the 
latex tree; active against viruses containing either or both the Y181C and K103N mutations); 

25 and Propolis (see, International Publication No. WO 99/49830). 

Additional protease inhibitors include LOPINAVIR™ (ABT378/r; Abbott 

Laboratories); BMS-232632 (an azapeptide; Bristol-Myres Squibb); TIPRANAVIR"" (PNU- 

140690, a non-peptic dihydropyrone; Phamiacia & Upjohn); PD-178390 (a nonpeptidic 
dihydropyrone; Parke-Davis); BMS 232632 (an azapeptide; Bristol-Myers Squibb); 
30 756,423 (an indinavir analog; Merck); DMP-450 (a cychc urea compound; Avid & DuPont); 
AG-1776 (a peptidomimetic with in vitro activity against protease inhibitor-resistant viruses; 
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Agouron); VX-175/GW-433908 (phosphate prodrug of amprenavir; Vertex & Glaxo 

Welcome); CGP61755 (Ciba); and AGENERASE™ (amprenavir; Glaxo Wellcome Inc.). 

Additional antiretroviral agents include fusion inhibitors/gp41 binders. Fusion 
inhibitors/gp41 binders include T-20 (a peptide from residues 643-678 of the HTV gp41 
5 transmembrane protein ectodomain which binds to gp41 in its resting state and prevents 
transformation to the fusogenic state; Trimeris) and T-1249 (a second-generation fusion 
inhibitor; Trimeris). 

Additional antiretroviral agents include fusion inhibitors/chemokine receptor 
antagonists. Fusion inhibitors/chemokine receptor antagonists include CXCR4 antagonists 
10 such as AMD 3100 (a bicyclam), SDF-1 and its an2dogs, and ALX40-4C (a cationic peptide), 
T22 (an 18 amino acid peptide; Trimeris) and the T22 analogs T134 and T140; CCR5 
antagonists such as RANTES (9-68), AOP-RANTES, NNY-RANTES, and TAK-779; and 
CCR5/CXCR4 antagonists such as NSC 651016 (a distamycin analog). Also included are 
CCR2B, CCR3, and CCR6 antagonists. Chemokine recpetor agonists such as RANTES, 

15 SDF-1, MlP-la, MIP-1 p, etc., may also inhibit fusion. 

Additional antiretroviral agents include integrase inhibitors. Integrase inhibitors 
include dicaffeoylquinic (DFQA) acids; L-chicoric acid (a dicaffeoyltartaric (DCTA) acid); 

quinalizarin (QLC) and related anthraquinones; ZINTEVIR""*" (AR 177, an oligonucleotide that 

probably acts at cell surface rather than being a true integrase inhibitor; Arondex); and 
20 naphthols such as those disclosed in WO 98/50347. 

Additional antiretroviral agents include hydroxyurea-like compunds such as BCX-34 
(a purine nucleoside phosphorylase inhibitor; Biocryst); ribonucleotide reductase inhibitors 

such as DIDOX"^" (Molecules for Health); inosine monophosphate dehydrogenase (IMPDH) 

inhibitors sucha as VX-497 (V ertex); and mycopholic acids such as CellCept (mycophenolate 
25 mofetil; Roche). 

Additional antiretroviral agents include inhibitors of viral integrase, inhibitors of viral 
genome nuclear translocation such as arylene bis(methylketone) compounds; inhibitors of 
HIV entry such as AOP-RANTES, NNY-RANTES, RANTES-IgG fusion protein, soluble 
complexes of RANTES and glycosaminoglycans (GAG), and AMD-3100; nucleocapsid zinc 
30 finger inhibitors such as dithiane compounds; targets of HIV Tat and Rev; and 
pharmacoenhancers such as ABT-378. 

Other antiretroviral therapies and adjunct therapies include cjrtokines and lymphokines 

such as MlP-la, MIP-lp, SDF-la, IL-2, PROLEUKIN"'" (aldesleukin/L2-7001; Chiron), 
11^4, IL-10, IL-12, and 11^13; interferons such as IFN-a2a; antagonists of TNFs, NFkB, 
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GM-CSF, M-CSF, and IL-IO; agents that modulate immune activation such as cyclosporin 

and prednisone; vaccines such as Remune^" (HIV Immunogen), APL 400-003 (ApoUon), 

recombinant gpl20 and fragments, bivalent (B/E) recombinant envelope glycoprotein, 
rgpl20CM235, MN rgpl20, SF-2 rgpl20, gpl20/soluble CD4 complex, Delta JR-FL 
5 protein, branched synthetic peptide derived from discontinuous gpl20 C3/C4 domain, fusion- 
competent inamunogens, and Gag, Pol, Nef, and Tat vaccines; gene-based therapies such as 
genetic suppressor elements (GSEs; WO 98/54366), and intrakines (genetically modified CC 
chemokines targetted to the ER to block surface expression of newly synthesized CCR5 
(Yang et ah, PNAS 94:11567-72 (1997); Chen et aL, Nat. Med. 3:1110-16 (1997)); 
10 antibodies such as the anti-CXCR4 antibody 12G5, the anti-CCR5 antibodies 2D7, 5C7, 
PAS, PA9, PAIO, PAll, PA12, and PA14, the anti-CD4 antibodies Q4120 and RPA-T4, the 
anti-CCR3 antibody 7B 11, the anti-gp 120 antibodies 17b, 48d, 447-52D, 257-D, 268-D and 

50.1, anti-Tat antibodies, anti-TNF-a antibodies, and monoclonal antibody 33A; aiyl 

hydrocarbon (AH) receptor agonists and antagonists such as TCDD, 3,3 ',4,4', 5- 

15 pentachlorobiphenyl, 3,3',4,4'"tetrachlorobiphenyl, and a-naphthoflavone (see. International 

Publication No. WO 98/30213); and antioxidants such as Y~L-glutamyl-I^cysteine ethyl ester 

(Y-GCB; wo 99/56764). 

In a further embodiment, the albumin fusion proteins and/or polynucleotides of the 
invention are administered in combination with an antiviral agent. Antiviral agents that may be 
20 adniinistered with the albumin fusion proteins and/or polynucleotides of the invention include, 
. but are not limited to, acyclovir, ribavirin, amantadine, and remantidine. 

In other embodiments, albumin fusion proteins and/or polynucleotides of the 
invention may be administered in combination with anti-opportunistic infection agents. Anti- 
opportunistic agents that may be adndnistered in combination with the albumin fusion proteins 
25 and/or polynucleotides of the invention, include, but are not limited to, TRIMETHOPRIM- 
SULFAMETHOXAZOLE™, DAPSONE'" , PENTAMIDINE'", ATOVAQUONE™, 

ISONL\ZID^", RIFAMPIN™, PYRAZINAMIDE™ , ETHAMBUTOL™, RIFABUTIN"", 

CLARITHROMYCIN™, AZITHROMYCIN^", GANCICLOVIR™, FOSCARNET'^, 

CIDOFOVIR"", FLUCONAZOLE^", ITRACONAZOLE™, KETOCONAZOLE™, 

30 ACYCLOVIR™, pAMCICOLVIR™, PYRIMETHAMINE™, LEUCOVORIN™, 

NEUPOGEN™ (filgrastim/G-CSF), and LEUKINE™ (sargramostim/GM-CSF). In a 
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specific embodiment, albumin fusion proteins and/or polynucleotides of the invention are 
used in any combination with TRIMETHOPmM-SULFAMETHOXAZOLE'" , DAPSONE"", 

PENTAMIDINE™, and/or ATOVAQUONE'" to prophylactically treat or prevent an 

opportunistic Pneumocystis carinii pneumonia infection. In another specific embodiment, 
5 albumin fusion proteins and/or polynucleotides of the invention are used in any combination 

with ISONIAZID™, RIFAMPIN™, PYRAZINAMIDE™, and/or ETHAMBUTOL™ to 

prophylactically treat or prevent an opportunistic Mycobacterium avium complex infection. 
In another specific embodiment, albumin fusion proteins and/or polynucleotides of the 

invention are used in any combination with RIFABUTIN""', CLARITHROMYCIN™, and/or 

10 AZITHROMYCIN™ to prophylactically treat or prevent an opportunistic Mycobacterium 
tuberculosis inSection. In another specific embodiment, albumin fusion i^xoXQins and/or 
polynucleotides of the invention are used in any combination with GANCICLOVIR™, 

FOSCARNET™, and/or CEDOFOVIR™ to prophylactically treat or prevent an opportunistic 
cytomegalovirus infection. In another specific embodiment, albumin fusion proteins and/or 

' T ♦ ' . I 

15 polynucleotides of the invention are used in any combination with FLUCONAZOLE™, 

ITRACONAZOLE™, and/or KETOCONAZOLE™ to prophylactically treat or prevent an 
opportunistic fungal infection. In another specific embodiment, albumin fusion proteins 
and/or polynucleotides of the invention are used in any combination with ACYCLOVIR™ 

and/or FAMCICOLVIR™ to prophylactically treat or prevent an opportunistic herpes simplex 

20 virus type I and/or type II infection. In another specific embodiment, albumin fusion proteins 
and/or polynucleotides of the invention are used in any combination with 

PYRIMETHAMINE™ and/or LEUCOVORIN™ to prophylactically treat or prevent an 

opportunistic Toxoplasma gondii infection. In another specific embodiment, albumin fusion 
proteins and/or polynucleotides of the invention are used in any combination with 

25 LEUCOVORIN™ and/or NEUPOGEN™ to prophylactically treat or prevent an opportunistic 

bacterial infection. 

In a further embodiment, the albumin fusion proteins and/or polynucleotides of the 
invention are administered in combination with an antibiotic agent. Antibiotic agents that may 
be administered with the albumin fusion proteins and/or polynucleotides of the invention 
30 include, but are not limited to, amoxicillin, beta-lactamases, aminoglycosides, beta-lactam 
(glycopeptide), beta-lactamases. Clindamycin, chloramphenicol, cephalosporins, 
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ciprofloxacin, erythromycin, fluoroquinolones, macrolides, metronidazole, penicillins, 
quinolones, rapamycin, rifampin, streptomycin, sulfonamide, tetracyclines, trimethoprim, 
trimethoprim-sulfamethoxazole, and vancomycin. 

In other embodiments, the albumin fusion proteins and/or polynucleotides of the 
5 invention are administered in combination with immunestimulants. Immunostimulants that 
may be administered in combination with the albumin fusion proteins and/or polynucleotides 
of tiie invention include, but are not limited to, levamisole (e.g., ERGAMISOL^'^ ), 
isoprinosine (e.g. INOSIPLEX™), interferons (e.g. interferon alpha), and interleukins (e.g., 
IL-2). 

10 In other embodiments, albumin fusion proteins and/or polynucleotides of the 

invention are administered in combination with immunosuppressive agents. 
Immunosuppressive agents that may be administered in combination with the albumin fusion 
proteins and/or polynucleotides of the invention include, but are not limited to, steroids, 
cyclosporine, cyclosporine analogs, cyclophosphamide methylprednisone, prednisone, 

15 azathioprine, FK-506, 15-deoxyspergualin, and other immunosuppressive agents that act by 
suppressing the function of responding T cells. Other immunosuppressive agents that may be 
administered in combination with the albumin fusion proteins and/or polynucleotides of the 
invention include, but are not Kmited to, prednisolone, methotrexate, thalidomide, 
methoxsalen, rapamycin, leflunomide, mizoribine (BREDININ^^), brequinar, 

20 deoxyspergualin, and azaspirane (SKF 105685), ORTHOCLONE OKT® 3 (muromonab- 

CD3), SANDIMMUNE'", NEORAL™, SANGDYA^'^ (cyclosporine), PROGRAF® 

(FK506, tacrolimus), CELLCEPT® (mycophenolate motefil, of which the active metabolite is 
mycophenolic acid), IMURAN™ (azathioprine), glucocorticosteroids, adrenocortical steroids 
such as DELTASONE™ (prednisone) and HYDELTRASOL™ (prednisolone), FOLEX^^^ 
25 and MEXATE™ (methotrxate), OXSORALEN-ULTRA^" (metiioxsalen) and 

RAPAMUNE^" (sirolimus). In a specific embodiment, immunosuppressants may be used to 

prevent rejection of organ or bone marrow transplantation. 

In an additional embodiment, albumin fusion proteins and/or polynucleotides of the 
invention are administered alone or in combination with one or more intravenous immune 
30 globulin preparations. Intravenous immune globulin preparations that may be administered 
with the albumin fusion proteins and/or polynucleotides of the invention include, but not 

limited to, GAMMAR'", ^VEEGAM'^ SANDOGLOBULIN"", GAMMAGARD S/D^", 

ATGAM^^* (antithymocyte glubulin), and GAMIMUNE"''. In a specific embodiment, 

albumin fusion proteins and/or polynucleotides of the invention are administered in 
35 combination with intravenous immune globulin preparations in transplantation therapy (e.g., 
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bone marrow transplant). 

In certain embodiments, the albumin fusion proteins and/or polynucleotides of the 
invention are administered alone or in combination with an anti-inflammatory agent. Anti- 
inflammatory agents that may be administered wiUi the albumin fusion proteins and/or 
5 polynucleotides of the invention include, but are not limited to, corticosteroids (e.g. 
betamethasone, budesonide, cortisone, dexamethasone, hydrocortisone, methylprednisolone, 
prednisolone, prednisone, and triamcinolone), nonsteroidal anti-inflammatory drugs (e.g., 
diclofenac, diflunisal, etodolac, fenoprofen, floctafenine, flurbiprofen, ibuprofen, 
indomethacin, ketoprofen, meclofenamate, mefenamic acid, meloxicam, nabumetone, 

10 naproxen, oxaprozin, phenylbutazone, piroxicam, sulindac, tenoxicam, tiaprofenic acid, and 
tolmetin.), as well as antihistamines, aminoarylcarboxylic acid derivatives, arylacetic acid 
derivatives, arylbutyric acid derivatives, arylcarboxylic acids, arylpropionic acid derivatives, 
pyrazoles, pyrazolones, salicylic acid derivatives, thiazinecarboxamides, e-acetamidocaproic 
acid, S-adenosylmethionine, 3-amino-4rhydroxybutyric acid, andxetrine, bendazac, 

15 benzydamine, bucolome, difenpiramide, ditazol, emorfazone, guaiazulene, nabumetone, 
nimesulide, orgotein, oxaceprol, paranyline, perisoxal, pifoxime, proquazone, proxazole, 
andtenidap. 

In an additional embodiment, the compositions of the invention are administered alone 
or in combination with an anti-angiogenic agent. Anti-angiogenic agents that may be 

20 administered with the compositions of the invention include, but are not limited to, 
Angiostatin (Entremed, Rockville, MD), Troponin-1 (Boston Life Sciences, Boston, MA), 
anti-Invasive Factor, retinoic acid and derivatives thereof, paclitaxel (Taxol), Suramin, Tissue 
Inhibitor of Metalloproteinase-l, Tissue Inhibitor of Metalloproteinase-2, VEGI, Plasminogen 
Activator Inhibitor-1, Plasminogen Activator Inhibitor-2, and various forms of the lighter "d 

25 group'' transition metals. 

Lighter "d group*' transition metals include, for example, vanadium, molybdenum, 
tungsten, titanium, niobium, and tantalum species. Such transition metal species may form 
transition metal complexes. Suitable complexes of the above-mentioned transition metal 
species include oxo transition metal complexes. 

30 Representative examples of vanadium complexes include oxo vanadium complexes 

such as vanadate and vanadyl complexes. Suitable vanadate complexes include metavanadate 
and orthovanadate complexes such as, for example, ammonium metavanadate, sodium 
metavanadate, and sodium orthovanadate. Suitable vanadyl complexes include, for example, 
vanadyl acetylacetonate and vanadyl sulfate including vanadyl sulfate hydrates such a& 

35 vanadyl sulfate mono- and trihydrates. 

Representative examples of tungsten and molybdenum complexes also include oxo 
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complexes. Suitable oxo tungsten complexes include tungstate and tungsten oxide 
complexes. Suitable tungstate complexes include ammonium tungstate, calcium tungstate, 
sodium tungstate dihydrate, and tungstic acid. Suitable tungsten oxides include tungsten (IV) 
oxide and tungsten (VI) oxide. Suitable oxo molybdenum complexes include molybdate, 
5 molybdenum oxide, and molybdenyl complexes. Suitable molybdate complexes include 
anunonium molybdate and its hydrates, sodium molybdate and its hydrates, and potassium 
molybdate and its hydrates. Suitable molybdenum oxides include molybdenum (VI) oxide, 
molybdenum (VI) oxide, and molybdic acid. Suitable molybdenyl complexes include, for 
example, molybdenyl acetylacetonate. Other suitable tungsten and molybdenum complexes 

1 0 include hydroxo derivatives derived from, for example, glycerol, tartaric acid, and sugars. 

A wide variety of other anti-angiogenic factors may bIso be utilized within the context 
of the present invention. Representative examples include, but are not limited to, platelet 
factor 4; protamine sulphate; sulphated chitin derivatives (prepared from queen crab shells),; 
(Murata et al.^ Cancer Res. 51:22-26, (1991)); Sulphated Polysaccharide Peptidoglycan 

15 Complex (SP- PG) (the function of this compound may be enhanced by the presence of 
steroids such as estrogen, and tamoxifen citrate); Staurosporine; modulators of matrix 
metabolism, including for example, proline analogs, cishydroxyproline, d,L-3,4- 
dehydroproline, Thiaproline, alpha,alpha-dipyridyl, aminopropionitrile fumarate; 4-propyl-5- 
(4-pyridinyl)-2(3H)-oxazolone; Methotrexate; Mitoxantrone; Heparin; Interferons; 2 

20 Macroglobulin-serum; ChIMP-3 (Pavloff et al., J. Bio. Chem. 267:17321-17326, (1992)); 
Chymostatin (Tomkinson et aL, Biochem J. 286:475-480, (1992)); Cyclddextrin 
Tetradecasulfate; Eponemycin; Camptothecin; Fumagillin (Ingber et aL, Nature 348:555-557, 
(1990)); Gold Sodium Thiomalate ("GST'; Matsubara and Ziff, J. Clin. Invest. 79:1440- 
1446, (1987)); anticoUagenase-serum; alpha2-antiplasmin (Holmes et al., J. Biol. Chem. 

25 262(4):1659-1664, (1987)); Bisantrene (National Cancer Institute); Lobenzarit disodium (N- 
(2)-carboxyphenyl-4- chloroanthronilic acid disodium or "CCA"; GTakeuchi et al.. Agents 
Actions 36:312-316, (1992)); and metalloproteinase inhibitors such as BB94. 

Additional anti-angiogenic factors that may also be utilized within the context of the 
present invention include ThaUdomide, (Celgene, Warren, NJ); Angiostatic steroid; AGM- 

30 1470 (H. Brem and J. Folkman JPediatr, Surg, 28:445-51 (1993)); an integrin alpha v beta 
3 antagonist (C Storgard et al., J Clin. Invest. 103:47-54 (1999)); carboxynaminolmidazole; 
Carboxyamidotriazole (CAI) (National Cancer Institute, Bethesda, MD); Conbretastatin A-4 
(CA4P) (OXiGENE, Boston, MA); Squalamine (Magainin Pharmaceuticals, Plymouth 
Meeting, PA); TNP-470, (Tap Pharmaceuticals, Deerfield, IL); ZD-0101 AstraZeneca 

35 (London, UK); APRA (CT2584); Benefin, Byrostatin-1 (SC339555); CGP-41251 (PKC 
412); CMlOl; Dexrazoxane (ICRF187); DMXAA; Endostatin; Flavopridiol; Genestein; GTE; 
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ImmTher; Iressa (ZD1839); Octreotide (Somatostatin); Panretin; Pehacillamine; Photopoint; 
PI-88; Prinomastat (AG-3340) Purlytin; Suradista (FCE26644); Tamoxifen (Nolvadex); 
Tazarotene; Tetrathiomolybdate; Xeloda (Capecitabine); and S-Huorouracil. 

Anti-angiogenic agents that may be adrainisted in combination with the compounds of 
5 the invention may work through a varied of mechanisms including, but not limited to, 
inhibiting proteolysis of the extracellular matrix, blocking the function of endothelial cell- 
extracellular matrix adhesion molecules, by antagonizing the function of angiogenesis 
inducers such as growth factors, and inhibiting integrin receptors expressed on proliferating 
endothelial cells. Examples of anti-angiogenic inhibitors that interfere with extracellular 

10 matrix proteolysis and which may be administered in combination with the compositons of the 
invention include, but are not Imited to, AG-3340 (Agouron, La JoUa, CA), BAY-12-9566 
(Bayer, West Haven, CT), BMS-275291 (Bristol Myers Squibb, Princeton, NI), CGS- 
27032A (Novartis, East Hanover, NJ), Maiimastat (British Biotech, Oxford, UK), and 
Metastat (Aetema, St-Foy, Quebec). Examples of anti-angiogenic inhibitors that act by 

15 blocking the function of endothelial cell-extracellular matrix adhesion molecules and which 
may be administered in combination with the compositons of the invention include, but are 
not Imited to, EMD-121974 (Merck KcgaA Darmstadt, Germany) and Vitaxin (Ixsys, La 
JoUa, CA/Medimmune, Gaithersburg, MD). Examples of anti-angiogenic agents that act by 
directly antagonizing or inhibiting angiogenesis inducers and which may be administered in 

20 combination with the compositons of the invention include, but are not Imited to, Angiozyme 
(Ribozyme, Boulder, CO), Anti-VEGF antibody (Genentech, S. San Francisco, CA), PTK- 
787/ZK-225846 (Novartis, Basel, Switzerland), SU-101 (Sugen, S. San Francisco, CA), 
SU-5416 (Sugen/ Pharmacia Upjohn, Bridgewater, NJ), and SU-6668 (Sugen). Other aiiti- 
angiogenic agents act to indirectly inhibit angiogenesis. Examples of indirect inhibitors of 

25 angiogenesis which may be administered in combination with the compositons of the 
invention include, but are not Unnited to, IM-862 (Cytran, Kirkland, WA), Interferon-alpha, 
IL-12 (Roche, Nutley, NJ), and Pentosan polysulfate (Georgetown University, Washington, 
DC). 

In particular embodiments, the use of compositions of the invention in combination 
30 with anti-angiogenic agents is contemplated for the treatment, prevention, and/or amelioration 
of an autoimmune disease, such as for example, an autoimmune disease described herein. 

In a particular embodiment, the use of compositions of the invention in combination 
with anti-angiogenic agents is contemplated for the treatment, prevention, and/or amelioration 
of arthritis. In a more particular embodiment, the use of compositions of the invention in 
35 combination with anti-angiogenic agents is contemplated for the treatment, prevention, and/or 
amelioration of rheumatoid arthritis. 
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In another embodiment, the polynucleotides encoding a polypeptide of the present 
invention are administered in combination with an angiogenic protein, or polynucleotides 
encoding an angiogenic protein. Examples of angiogenic proteins that may be administered 
with the compositions of the invention include, but are not limited to, acidic and basic 
5 fibroblast growth factors, VEGF-1, VEGF-2, VEGF-3, epidermal growth factor alpha and 
beta, platelet-derived endothelial cell growth factor, platelet-derived growth factor, tumor 
necrosis factor alpha, hepatocyte growth factor, insulin-like growth factor, colony stimulating 
factor, macrophage colony stimulating factor, granulocyte/macrophage colony stimulating 
factor, and nitric oxide synthase. 

10 In additional embodiments, compositions of the invention are administered in 

combination with a chemotherapeutic agent. Chemotherapeutic agents that may be 
administered with the albumin fusion proteins and/or polynucleotides of the invention include, 
but are not limited to alkylating agents such as nitrogen mustards (for example, 
Mechlorethamine, cyclophosphamide. Cyclophosphamide Ifosfamide, Melphalan (Lr 
' 15 saircolysin), and Chlorambucil), ethylenimines and methylmelamines (for examjple, 
Hexamethylmelamine and Thiotepa), alkyl sulfonates (for example, Busulfan), nitrosoureas 
(for example, Carmustine (BCNU), Lomustine (CCNU), Semustine (methyl-CCNU), and 
Streptozocin (streptozotocin)), triazenes (for example, Dacarbazine (DTIC; 
dimethyltriazenoimidazolecarboxamide)), folic acid analogs (for example, Methotrexate 

20 (amethopterin)), pyrimidine analogs (for example, Huorouacil (5-fluorouracil; 5-FU), 
Floxuridine (fluorodeoxyuridine; FudR), and Cytarabine (cytosine arabinoside)), purine 
analogs and related inhibitors (for example, Mercaptopurine (6-mercaptopurine; 6-MP), 
Thioguanine (6-thioguanine; TG), and Pentostatin (2-deoxycofonnycin)), vinca alkaloids 
(for example. Vinblastine (VLB, vinblastine sulfate)) and Vincristine (vincristine sulfate)), 

25 epipodophyllotoxins (for example, Etoposide and Teniposide), antibiotics (for example, 
Dactinomycin (actinomycin D), Daunorubicin (daunomycin; rubidomycin), Doxorubicin, 
Bleomycin, Plicamycin (mithramycin), and Mitomycin (mitomycin C), enzymes (for 
example, L-Asparaginase), biological response modifiers (for example, Interferon-alpha and 
interferon-alpha-2b), platinum coordination compounds (for example, Cisplatin (cis-DDP) 

30 and Carboplatin), anthracenedione (Mitoxantrone), substituted ureas (for example. 
Hydroxyurea), methylhydrazine derivatives (for example, Procarbazine (N-methylhydrazine; 
MIH), adrenocorticosteroids (for example, Prednisone), progestins (for example, 
Hydroxyprogesterone caproate. Medroxyprogesterone, Medroxyprogesterone acetate, and 
Megestrol acetate), estrogens (for example, Diethylstilbestrol (DES), Diethylstilbestrol 

35 diphosphate, Estradiol, and Ethinyl estradiol), antiestrogens (for example, Tamoxifen), 
androgens (Testosterone proprionate, and Fluoxymesterone), antiandrogens (for example, 
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Hutamide), gonadotropin-releasing horomone analogs (for example, Leuprolide), other 
hormones and hormone analogs (for example, methyltestosterone, estramustine, estramustine 
phosphate sodium, chlorotrianisene, and testolactone), and others (for example, dicarbazine, 
glutamic acid, and mitotane). 
5 In one embodiment, the compositions of the invention are administered in combination 

with one or more of the following drugs: infliximab (also known as Remicade"^^ Centocor, 
Inc.), Trocade (Roche, RO-32-3555), Leflunomide (also known as Arava'^^ from Hoechst 
Marion Roussel), Kineret™ (an IL-1 Receptor antagonist also known as Anakinra from 
Amgen, Inc.) 

10 In a specific embodiment, compositions of the invention are administered in 

combination with CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisone) or 
combination of one or more of the components of CHOP. In one embodiment, the 
compositions of the invention are administered in combination with anti-CD20 antibodies, 
human monoclonal anti-CD20 antibodies. In another embodiment, the compositions of the 

15 invention are administered in combination with anti-CD20 antibodies and CHOP, or anti- 
CD20 antibodies and any combination of one or more of the components of CHOP, 
particularly cyclophosphamide and/or prednisone. In a specific embodiment^ compositions of 
the invention are administered in combination with Rituximab. In a finther embodiment, 
compositions of the invention are administered with Rituximab and CHOP, or Rituximab and 

20 any combination of one or more of the components of CHOP, particularly cyclophosphamide 
and/or prednisone. In a specific embodiment, compositions of the invention are administered 
in combination with tositumomab. In a further embodiment, compositions of the invention 
are administered with tositumomab and CHOP, or tositumomab and any combination of one 
or more of the components of CHOP, particularly cyclophosphamide and/or prednisone. The 

25 anti-CD20 antibodies may optionally be associated with radioisotopes, toxins or cytotoxic 
prodrugs. 

In another specific embodiment, the compositions of the invention are adn[iinistered in 

combination Zevalin^". In a further embodiment, compositions of the invention are 

administered with Zevalin^*' and CHOP, or Zevalin™ and any combination of one or more of 

30 the components of CHOP, particularly cyclophosphamide and/or prednisone. Zevalin^" may 

be associated with one or more radisotopes. Particularly preferred isotopes are ^ and ^^^In. 

In an additional embodiment, the albumin fusion proteins and/or polynucleotides of 
the invention are adnndnistered in combination with cytokines. Cytokines that may be 
administered with the albumin fusion proteins and/or polynucleotides of the invention include, 
35 but are not limited to, IL2, IL3, IL4, IL5, IL6, IL7, ILIO, IL12, IL13, IL15, anti-CD40, 
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CD40L, IFN-gamma and TNF~alpha. In another embodiment, albumin fusion proteins 
and/or polynucleotides of the invention may be administered with any interleukin, including, 
but not limited to, IL-lalpha, IL-lbeta, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, 
IL-11, IL-12, IL-13, IL-14, IL-15, IL-16, IL-17, IL-18, IL-19, IL-20, and IL-2L 
5 In one embodiment, the albumin fusion proteins and/or polynucleotides of the 

invention are administered in combination with members of the TNF family. TNF, TNF- 
related or TNF-like molecules that may be administered with the albumin fusion proteins 
and/or polynucleotides of the invention include, but are not limited to, soluble forms of TNF- 
alpha, lymphotoxin-alpha (LT-alpha, also known as TNF-beta), LT-beta (found in complex 

10 heterotrimer LT-alpha2-beta), OPGL, FasL, CD27L, CD30L, CD40L, 4-lBBL, DcR3, 
OX40L, TNF-gamma (International Pubhcation No. WO 96/14328), AIM-I (International 
Publication No. WO 97/33899), endokine-alpha (International Publication No. WO 
98/07880), OPG, and neutrokine-alpha (International Publication No. WO 98/18921, OX40, 
and nerve growth factor (NGF), and soluble forms of Fas, CD30, CD27, CD40 and 4-IBB, 

15 TR2 (International Publication No. WO 96/34095), DR3 (International Publication No. WO 
97/33904), DR4 (International Publication No. WO 98/32856), TR5 (International 
Publication No. WO 98/30693), TRANK, TR9 (International Publication No. WO 
98/56892),TR10 (International Publication No. WO 98/54202), 312C2 (Interaational 
Publication No. WO 98/06842), and TR12, and soluble forms CD154, CD70, and CD153. 

20 In an additional embodiment, the albumin fusion proteins and/or polynucleotides of 

the invention are administered in combination with angiogenic proteins. Angiogenic proteins 
that may be administered with the albumin fusion proteins and/or polynucleotides of the 
invention include, but are not limited to, Glioma Derived Growth Factor (GDGF), as 
disclosed in European Patent Number EP-399816; Platelet Derived Growth Factor-A (PDGF- 

25 A), as disclosed in European Patent Number EP-682110; Platelet Derived Growth Factor-B 
(PDGF-B), as disclosed in European Patent Number EP-282317; Placental Growth Factor 
(PIGF), as disclosed in Intemational Publication Number WO 92/06194; Placental Growth 
Factor-2 (PlGF-2), as disclosed in Hauser et al.. Growth Factors, 4:259-268 (1993); 
Vascular Endothelial Growth Factor (VEGF), as disclosed in Intemational Pubhcation 

30 Number WO 90/13649; Vascular Endothelial Growth Factor-A (VEGF-A), as disclosed in 
European Patent Number EP-506477; Vascular Endothelial Growth Factor-2 (VEGF-2), as 
disclosed in Intemational Publication Number WO 96/39515; Vascular Endothelial Growth 
Factor B (VEGF-3); Vascular Endothelial Growth Factor B-186 (VEGF-B186), as disclosed 
in Intemational Publication Number WO 96/26736; Vascular Endothelial Growth Factor-D 

35 (VEGF-D), as disclosed in Intemational Publication Number WO 98/02543; Vascular 
Endothelial Growth Factor-D (VEGF-D), as disclosed in International Publication Number 
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WO 98/07832; and Vascular Endothelial Growth Factor-E (VEGF-E), as disclosed in German 
Patent Number DE19639601. The above mentioned references are herein incorporated by 
reference in their entireties. 

In an additional embodiment, the albumin fusion proteins and/or polynucleotides of 
5 the invention are administered in combination with Fibroblast Growth Factors. Fibroblast 
Growth Factors that may be administered with the albumin fusion proteins and/or 
polynucleotides of the invention include, but are not limited to, FGF-1, FGF-2, FGF-3, 
FGF-4, FGF-5, FGF-6, FGF-7, FGF-8, FGF-9, FGF-10, FGF-11, FGF-12, FGF-13, 
FGF-14, and FGF-15. 

10 In an additional embodiment, the albumin fusion proteins and/or polynucleotides of 

the invention are administered in combination with hematopoietic growth factors. 
Hematopoietic growth factors that may be administered with the albumin fusion proteins 
and/or polynucleotides of the invention include, but are not limited to, granulocyte 
macrophage colony stimulating factor (GM-CSF) (sargramostim, LEUKINE^^ , 

15 PROKINE™), granulocyte colony stimulating factor (G-CSF) (filgrastim, NEUPOGEN™), 

macrophage colony stimulating factor (M-CSF, CSF-1) erythropoietin (epoetin alfa, 
EPOGEN™ , PROCRIT™), stem cell factor (SCF, c-kit ligand, steel factor), megakaryocyte 
colony stimulating factor, PIXY321 (a GMCSF/IL-3 fusion protein), interleukins, especially 
' any one or more of IL-1 through 11^12, inteiferon-gamma, or thrombopoietin. 

20 In certain embodiments, albumin fusion proteins and/or polynucleotides of the present 

invention are administered in combination with adrenergic blockers, such as, for example, 
acebutolol, atenolol, betaxolol, bisoprolol, carteolol, labetalol, metoprolol, nadolol, 
oxprenolol, penbutolol, pindolol, propranolol, sotalol, and timolol. 

In another embodiment, the albumin fusion proteins and/or polynucleotides of the 

25 invention are administered in combination with an antiarrhythmic drug (e.g., adenosine, 
amidoarone, bretylium, digitalis, digoxin, digitoxin, diliazem, disopyramide, esmolol, 
flecainide, lidocaine, mexiletine, moricizine, phenytoin, procainamide, N-acetyl 
procainamide, propafenone, propranolol, quinidine, sotalol, tocainide, and verapamil). 

In another embodiment, the albumin fusion proteins and/or polynucleotides of the 

30 invention are administered in combination with diuretic agents, such as carbonic anhydrase- 
inhibiting agents (e.g., acetazolamide, dichlorphenamide, and methazolamide), osmotic 
diuretics (e.g., glycerin, isosorbide, mannitol, and urea), diuretics that inhibit Na^-K^-2Cr 
symport (e.g., furosemide, bumetanide, azosemide, piretanide, tripamide, ethacrynic acid, 
muzolimine, and torsemide), thiazide and thiazide-like diuretics (e.g., bendroflumethiazide, 

35 benzthiazide, chlorothiazide, hydrochlorothiazide, hydroflumethiazide, methyclothiazide, 
polythiazide, trichormethiazide, chlorthalidone, indapamide, metolazone, and quinethazone), 
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potassium sparing diuretics (e.g., amiloiide and triamterene), and mineralcorticoid receptor 
antagonists (e.g., spironolactone, canrenone, and potassium canrenoate). 

In one embodiment, the albumin fusion proteins and/or polynucleotides of the 
invention are administered in combination with treatments for endocrine and/or hormone 
imbalance disorders. Treatments for endocrine and/or hormone imbalance disorders include, 
but are not limited to, ^^^I, radioactive isotopes of iodine such as ^^^I and ^^^I; recombinant 

growth hormone, such as HUMATROPE'^'^ (recombinant somatropin); growth hormone 

analogs such as PROTROPIN™ (somatrem); dopamine agonists such as PARLODEL™ 

(bromocriptine); somatostatin analogs such as SANDOSTATEsf^" (octreotide); gonadotropin 

preparations such as PREGNYL''', A.P.L.'" and PROFASr" (chorionic gonadotropin 

(CG)), PERGONAL"'^ (menotropins), and METRODIN™ (urofollitropin (uFSH)); syntiietic 

human gonadotropin releasing hormone preparations such as FACTREL^'* and 

LUTREPULSE™ (gonadorelin hydrochloride); synthetic gonadotropin agonists such as 

LUPRON^"r (leuprolide acetate), SUPPRELIN'" (histrelin acetate), SYNAREL™ (nafarelin 

acetate), and ZOLADEX^"" (goserelin acetate); synthetic preparations of thyrotropin-releasing 

hormone such as RELEFACT TRH'" and THYPINONE'" (protirelin); recombinant human 

TSH such as THYROGEN™; synthetic preparations of the sodium salts of the natural isomers 

of thyroid hormones such as L-T^'"', SYNTHROID™ and LEVOTHROID™ (levothyro^ne 

sodium), L-Tg'^, CYTOMEL'^ and TRIOSTAT"^ (liotiiyroine sodium), and THYROLAR™ 
(liotrix); antithyroid compounds such as 6-/2-propylthiouracil (propylthiouracil), l-methyl-2- 
mercaptoimidazole and TAPAZOLE™ (methimazole), NEO-MERCAZOLE'" (carbimazole); 
beta-adrenergic receptor antagonists such as propranolol and esmolol; Ca^"^ channel blockers; 
dexamethasone and iodinated radiological contrast agents such as TELEPAQUE^'' (iopanoic 

acid) and ORAGRAHN'" (sodium ipodate). 

Additional treatments for endocrine and/or hormone imbalance disorders include, but 

are not limited to, estrogens or congugated estrogens such as ESTRACE^" (estradiol), 

ESTINYL'" (ettiinyl estradiol), PREMARIN'", ESTRATAB'", ORTHO-EST'", OGEN'" 
and estropipate (estrone), ESTROVIS'" (quinestrol), ESTRADEEIM™ (estradiol), 
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DELESTROGEN™ and VALERGEN™ (estradiol valerate), DEPO-ESTRADIOL 
CYPIONATE™ and ESTROJECT LA™ (estradiol cypionate); antiestrogens such as 
NOLVADEX™ (tamoxifen), SEROPHENE™ and CLOMID™ (clomiphene); progestins such 
as DURALUTIN™ (hydroxyprogesterone caproate), MPA™ and DEPO-PROVERA 
5 (medroxyprogesterone acetate), PROVEEtA™ and CYCRIN™ (MPA), MEGACE 
(megestrol acetate), NORLUTIN"' (norethindrone), and NORLUTATE™ and AYGESTIN™ 
(norethindrone acetate); progesterone implants such as NORPLANT SYSTEM^" (subdeimal 
implants of norgestrel); antiprogestins such as RU 486™ (mifepristone); hormonal 
contraceptives such as ENOVID™ (norethynodrel plus mestranol), PROGESTASERT™ 

10 (intrauterine device that releases progesterone), LOESTRIN™, BREVICON™, MODICON™, 
GENORA™, NELONA™, NORINYL™, OVACON-35™ and OVACON-50™ (ethinyl 
estradiol/norethindrone), LEVLEN™, NORDETTE™, TRI-LEVLEN™ and TRIPHASIL-21™ 
(ethinyl estradiol/levonorgestrel) LO/OVRAL™ and OVRAL™ (ethinyl estradiol/norgestrel), 
DEMULEN™ (ethinyl estradiol/ethynodiol diacetate), NORINYL™, ORTHO-NOVUM™, 

15 NORETfflN™, GENORA™, and NELOVA™ (norethindrone/mestranol), DESOGEN™ and 
, : ORTHO-CEPT™ (ethinyl estradioydesogestrel), ORTHO-CYCLEN™ and ORTHO- 
TRICYCLEN™ (ediinyl estradiol/norgestimate), MICRONOR™ and NOR-QD™ 

(norethindrone), and OVRETTE^" (norgestrel). 

Additional treatments for endocrine and/or hormone imbalance disorders include, but 
20 are not limited to, testosterone esters such as methenolone acetate and testosterone 

undecanoate; parenteral and oral androgens such as TESTOJECT-50™ (testosterone), 
TESTEX™ (testosterone propionate), DELATESTRYL™* (testosterone enanthate), DEPO- 
TESTOSTERONE™ (testosterone cypionate), DANOCKINE™ (danazol), HALOTESTIN 
(fluoxymesterone), ORKTON METHYL™, TESTRED™ and VIRILON 
25 (methyltestosterone), and OXANDRIN™ (oxandrolone); testosterone transdermal systems 
such as TESTODERM^"; androgen recepjtor antagonist and S-alpha-reductase inhibitors such 
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as ANDROCUR™ (cyproterone acetate), EULEXIN™ (flutamide), and PROSCAR™ 
(finasteride); adrenocorticotropic hormone preparations such as CORTROSYN 
(cosyntropin); adrenocortical steroids and their s)mthetic analogs such as ACLOVATE 
(alclometasone dipropionate), CYCLOCORT™ (amcinonide), BECLOVENT™ and 
5 VANCERIL™ (beclomethasone dipropionate), CEl^TONE™ (betamethasone), 
BENISONE™ and UTICORT™ (betamethasone benzoate), DIPROSONE™ (betamethasone 
dipropionate), CELESTONE PHOSPHATE™ (betamethasone sodium phosphate), 
CELESTONE SOLUSPAN™ (betamethasone sodium phosphate and acetate), BETA-VAL™ 
and VALISONE™ (betamethasone valerate), TEMOVATE™ (clobetasol propionate), 

10 CIjODERM™ (clocortolone pivalate), CORTEF™ and HYDROCORTONE™ (Cortisol 
(hydrocortisone)), HYDROCORTONE ACETATE™ (Cortisol (hydrocortisone) acetate), 
LOCOID™ '(Cortisol (hydrocortisone) butyrate), HYDROCORTONE PHOSPHATE 
(Cortisol (hydrocortisone) sodium phosphate), A-HYDROCORT™ and SOLU CORTEF 
(Cortisol (hydrocortisone) sodium succinate), WESTCORT™ (Cortisol (hydrocortisone) 

15 valerate), CORTISONE ACETATE™ (cortisone acetate), DESOWEN™ and TRIDESILON™ 
(desonide),TOPICORT™ (desoximetasone), DECADRON™ (dexamethasone), DECADRON 
LA™ (dexamethasone acetate), DECADRON PHOSPHATE™ and HEXADROL 
PHOSPHATE™ (dexamethasone sodium phosphate), FLORONE™ and MAXIFLOR™ 
(diflorasone diacetate), FLORINEF ACETATE™ (fludrocortisone acetate), AEROBID™ and 

20 NASALIDE™ (flunisolide), ELUONID™ and SYNALAR™ (fluocinolone acetonide), 
LIDEX™ (fluocinonide), FLUOR-OP™ and FML™ (fluorometholone), CORDRAN 
(flurandrenolide), HALOG™ (halcinonide), HMS LIZUIHLM™ (medrysone), MEDROL 
(methylprednisolone), DEPO-MEDROL™ and MEDROL ACETATE™ (methylprednisone 
acetate), A-METHAPRED™ and SOLUMHDROL™ (methylprednisolone sodium succmate), 

25 ELOCON™ (mometasone furoate), HALDRONE™ (paramethasone acetate), DELTA- 
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CORTEF™ (prednisolone), ECONOPRED™ (prednisolone acetate), HYDELTRASOL™ 

(prednisolone sodium phosphate), HYDELTRA-T.BA^" (prednisolone tebutate), 

DELTASONE™ (prednisone), ARISTOCORT"" and KENACORT'" (triamcinolone), 

KENALOG"'' (triamcinolone acetonide), ARISTOCORT^"' and KENACORT DIACETATE™ 

5 (triamcinolone diacetate), and ARISTOSRAN^" (triamcinolone hexacetonide); inhibitors of 

biosynthesis and action of adrenocortical steroids such as CYTADREN^*" 

(aminoglutethimide), NIZORAL'" (ketoconazole), MODRASTANE™ (trilostane), and 

METOPIRONE^*^ (metyrapone); bovine, porcine or human insulin or mixtures thereof; insulin 

analogs; recombinant human insulin such as HUMULIN'" and NOVOLIN™; oral 

10 hypoglycemdc agents such as ORAMDDE'^'^ and ORINASE™ (tolbutamide), DIABINESE 

(chlorpropamide), TOLAMIDE™ and TOLINASE™ (tolazamide), DYMELOR 

(acetohexamide), glibenclamide, MICRONASE™, DIBETA'"' and GLYNASE"" (glyburide), 

GLUCOTROL™ (glipizide), and DIAMICRON'" (gUclaiide), GLUCOPHAGE™ 
(metformin), ciglitazone, pioglitazone, and alpha-glucosidase inhibitors; bovine or porcine 
15 glucagon; somatostatins such as SANDOSTATIN'" (octreotide); and diazoxides such as 

PROGLYCEM™ (diazoxide). 

In one embodiment, the albumin fusion proteins and/or polynucleotides of the 
invention are administered in combination with treatments for uterine motility disorders. 
Treatments for uterine motility disorders include, but are not limited to, estrogen drugs such 

20 as conjugated estrogens (e.g., PREMARIN® and ESTRATAB®), estradiols (e.g., 

CLIMARA® and ALORA®), estropipate, and chlorotrianisene; progestin drugs (e.g., AMEN® 

(medroxyprogesterone), MICRONOR® (norethidrone acetate), PROMETRIUM® 
progesterone, and megestrol acetate); and estrogen/progesterone combination therapies such 
as, for example, conjugated estrogens/medroxyprogesterone (e.g., PREMPRO™ and 

25 PRBMPHASE®) and norethindrone acetate/ethinyl estsradiol (e.g., FEMHRT'"). 

In an additional embodiment, the albumin fusion proteins and/or polynucleotides of 
the invention are administered in combination with drugs effective in treating iron deficiency 
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and hypochromic anemias, including but not limited to, ferrous sulfate (iron sulfate, 
FEOSOL™), ferrous fumarate (e.g., FEOSTAT™), ferrous gluconate (e.g., FERGON™), 
pblysaccharide-iron complex (e.g., NIFEREX™), iron dextran injection (e.g., INFED™), 
cupric sulfate, pyroxidine, riboflavin. Vitamin B12, cyancobalamin injection (e.g., 
5 REDISOL™, RUBRAMIN PC™), hydroxocobalamin, foUc acid (e.g., FOLVITE™), 
leucovorin (folinic acid, 5-CHOH4ReGlu, citrovorum factor) or WELLCOVORIN (Calcium 
salt of leucovorin), transferrin or ferritin. 

In certain embodiments, the albumin fusion proteins and/or polynucleotides of the 
invention are administered in combination with agents used to treat psychiatric disorders. 

10 Psychiatric drugs that may be administered with the albumin fusion proteins and/or 
polynucleotides of the invention include, but are not limited to, antipsychotic agents (e.g., 
chlorpromazine, chlorprothixene, clozapine, fluphenazine, haloperidol, loxapine, 
mesoridazine, molindone, olanzapine, perpheimzine, pimozide, quetiapine, risperidone, 
thioridazine, thiothixene, trifluoperazine, and triflupromazine), antimanic agents (e.g^, 

15 carbamazepine, divalproex sodium, lithium carbonate, and lithium citrate), antidepressants 
(e.g., amitriptyline, amoxapine, bupropion, citalopram, clomipramine, desipramine, doxepin, 
fluvoxamine, fluoxetine, imipramine, isocarboxazid^ maprotiline, mirtazapine, nefazodone, 
nortriptyline, paroxetine, phenelzine, protriptyhne, sertraline, tranylcypromine, trazodone, 
trimipramine, and venlafaxine), antianxiety agents (e.g., alprazolam, buspirone, 

20 chlordiazepoxide, clorazepate, diazepam, halazepam, lorazepam, oxazepam, and prazepam), 
and stimulants (e.g., d-amphetamine, methylphenidate, and pemoline). 

In other embodiments, the albumin fusion proteins and/or polynucleotides of the 
invention are administered in combination with agents used to treat neurological disorders. 
Neurological agents that may be administered with the albumin fusion proteins and/or 

25 polynucleotides of the invention include, but are not limited to, antiepileptic agents (e.g., 
carbcimazepine, clonazepam, ethosuximide, phenobarbital, phenytoin, primidone, valproic 
acid, divalproex sodium, felbamate, gabapentin, lamotrigine, levetiracetam, oxcarbazepine, 
tiagabine, topiramate, zonisamide, diazepam, lorazepam, and clonazepam), antiparkinsonian 
agents (e.g., levodopa/carbidopa, selegiline, amantidine, bromocriptine, pergolide, 

30 ropinirole, pramipexole, benztropine; biperiden; ethopropazine; procyclidine; trihexyphenidyl, 
tolcapone), and ALS therapeutics (e.g. riiuzole). 

In another embodiment, albumin fusion proteins and/or polynucleotides of the 
invention are administered in combination with vasodilating agents and/or calcium channel 
blocking agents. Vasodilating agents that may be administered with the albumin fusion 

35 proteins and/or polynucleotides of the invention include, but are not limited to. Angiotensin 
Converting Enzyme (ACE) inhibitors (e.g., papaverine, isoxsuprine, benazepril, captopril. 
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cilazapril, enalapril, enalapiilat, fosinopril, lisinopril, moexipril, perindopril, quinapril, 
ramiprii, spirapril, trandolapril, and nylidrin), and nitrates (e.g., isosorbide dinitrate, 
isosorbide mononitrate, and nitroglycerin). Examples of calcium channel blocking agents that 
may be administered in combination with the albumin fusion proteins and/or polynucleotides 
5 of the invention include, but are not limited to amlodipine, bepridil, diltiazem, felodipine, 
flunarizine, isradipine, nicardipine, nifedipine, nimodipine, and verapamil. 

In certain embodiments, the albumin fusion proteins and/or polynucleotides of the 
invention are administered in combination with treatments for gastrointestinal disorders. 
Treatments for gastrointestinal disorders that may be administered with the albumin fusion 

10 protein and/or polynucleotide of the invention include, but are not limited to, histamine 
receptor antagonists (e.g., TAGAMET™ (cimetidine), ZANTAC™ (ranitidine), PEPCID™ 
(famotidine), and AXID™ (nizatidine)); inhibitors of H"^, ATPase (e.g., PREVAGID™ 
(lansoprazole) and PRILOSEC™ (omeprazole)); Bismuth compounds (e.g., PEPTO- 
BISMOL™ (bismuth subsalicylate) and DE-NOL™ (bismuth subcitrate)); various antacids; 

15 sucralfate; prostaglandin analogs (e.g. CYTOTEC™ (misoprostol)); muscarinic cholinergic 
antagonists; laxatives (e.g., surfactant laxatives, stimulant laxatives, saline and osmotic 
laxatives); antidiarrheal agents (e.g., LOMOTIL™ (diphenoxylate), MOTOFEN™ 
(diphenoxin), and IMODIUM™ (loperamide hydrochloride)), synthetic analogs of 
somatostatin such as SANDOSTATIN™ (octreotide), antiemetic agents (e.g., ZOFRAN™ 

20 (ondansetron), KYTRIL™ (granisetron hydrochloride), tropisetron, dolasetron, 
metoclopramide, chlorpromazine, perphenazine, prochlorperazine, promethazine, 
thiethylperazine, triflupromazine, domperidone, haloperidol, droperidol, trimethobenzamide, 
dexamethasone, methylprednisolone, dronabinol, and nabilone); D2 antagonists (e.g., 
metoclopramide, trimethobenzamide and chlorpromazine); bile salts; chenodeoxycholic acid; 

25 ursodeoxycholic acid; and pancreatic enzyme preparations such as pancreatin and 
pancrelipase. 

In additional embodiments, the albumin fusion proteins and/or polynucleotides of the 
invention are administered in combination with other therapeutic or prophylactic regimens, 
such as, for example, radiation therapy. 

30 The invention also provides a pharmaceutical pack or kit comprising one or more 

containers filled with one or more of the ingredients of the pharmaceutical compositions 
comprising albumin fusion proteins of the invention. Optionally associated with such 
container(s) can be a notice in the form prescribed by a governmental agency regulating the 
manufacture, use or sale of pharmaceuticals or biological products, which notice reflects 

35 approval by the agency of manufacture, use or sale for human administration. 
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Gene Therapy 

Constructs encoding albumin fusion proteins of the invention can be used as a part of 
a gene therapy protocol to deliver therapeutically effective doses of the albumin fusion 
5 protein. A preferred approach for in vivo introduction of nucleic acid into a cell is by use of a 
viral vector containing nucleic acid, encoding an albumin fusion protein of the invention. 
Infection of cells with a viral vector has the advantage that a large proportion of the targeted 
cells can receive the nucleic acid. Additionally, molecules encoded within the viral vector, 
e.g., by a cDNA contained in the viral vector, are expressed efficiently in cells which have 

10 taken up viral vector nucleic acid. 

Retrovirus vectors and adeno-associated virus vectors can be used as a recombinant 
gene delivery system for the transfer of exogenous nucleic acid molecules encoding albumin 
fusion proteins in vivo. These vectors provide efficient delivery of nucleic acids into cells, 
and the transferred nucleic acids are stably integrated into the chromosomal DNA of the host. 

15 The development of specialized cell lines (teraied "packaging cells") which produce only 
replication-defective retroviruses has increased the utility of retroviruses for gene therapy, and 
defective retroviruses are characterized for use in gene transfer for gene tiierapy purposes (for 
a review see Miller, A.D. (1990) Blood 76:27 1). A replication defective retrovirus can be 
packaged into virions which can be used to infect a target cell through the use of a helper virus 

20 by standard techniques. Protocols for producing recombinant retroviruses and for infecting 
cells in vitro or in vivo with such viruses can be found in Current Protocols in Molecular 
Biology, Ausubel, F.M. et ah, (eds.) Greene Publishing Associates, (1989), Sections 
9. 1 0-9. 14 and other standard laboratory manuals. 

Another viral gene delivery system useful in the present invention uses 

25 adenovirus-derived vectors. The genome of an adenovirus can be manipulated such that it 
encodes and expresses a gene product of interest but is inactivated in terms of its ability to 
replicate in a normal lytic viral life cycle. See, for example, Berkner et al., BioTechniques 
6:616 (1988); Rosenfeld et aU Science 252:431-434 (1991); and Rosenfeld et aU CeU 
68:143-155 (1992). Suitable adenoviral vectors derived from the adenovirus strain Ad type 5 

30 dI324 or other strains of adenovirus (e.g., Ad2, Ad3, Ad7 etc.) are known to those skilled in 
the art. Recombinant adenoviruses can be advantageous in certain circumstances in that they 
are not capable of infecting nondividing cells and can be used to infect a wide variety of cell 
types, including epithelial cells (Rosenfeld et al., (1992) cited supra). Furthermore, the virus 
particle is relatively stable and amenable to purification and concentration, and as above, can 

35 be modified so as to affect the spectrum of infectivity. Additionally, introduced adenoviral 
DNA (and foreign DNA contained therein) is not integrated into the genome of a host cell but 
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remains episomal, thereby avoiding potential problems that can occur as a result of insertional 
mutagenesis in situations where introduced DNA becomes integrated into the host genome 
(^.g., retroviral DNA). Moreover, the carrying capacity of the adenoviral genome for foreign 
DNA is large (up to 8 kilobases) relative to other gene delivery vectors (Berkner et aL, cited 
5 supra; Haj-Ahmand et aL, J, Virol. 57:267 (1986)), 

In another embodiment, non-viral gene delivery systems of the present invention rely 
on endocytic pathways for the uptake of the subject nucleotide molecule by the targeted cell. 
Exemplary gene delivery systems of this type include liposomal derived systems, poly-lysine 
conjugates, and artificial viral envelopes. In a representative embodiment, a nucleic acid 

10 molecule encoding an albumin fusion protein of the invention can be entrapped in liposomes 
bearing positive charges on their surface (e.g., lipofectins) and (optionally) which are tagged 
with antibodies against cell surface antigens of the target tissue (Mizuno et al. (1992) No 
Shinkei Geka 20:547-5 5 1; PCT publication W091/06309; Japanese patent application 
1047381 ; and European patent publication EP-A-43075). 

15 Gene delivery systems for a gene encoding an albunciin fusion protein of the invention . 

can be introduced into a patient by any of a number of methods. For instance, a 
pharmaceutical preparation of the gene delivery system can be introduced systemically, e.g. 
by intravenous injection, and specific transduction of the protein in the target cells occurs 
predominantly from specificity of transfection provided by the gene delivery vehicle, cell-type 

20 or tissue-type expression due to the transcriptional regulatory sequences controlling 
expression of the receptor gene, or a combination thereof. In other embodiments, initial 
delivery of the recombinant gene is more limited with introduction into the animal being quite 
localized. For example, the gene delivery vehicle can be introduced by catheter (see U.S. 
Patent 5,328,470) or by Stereotactic injection (e.g. Chen et al (1994) PNAS 91: 3 054-3 05 

25 7). The pharmaceutical preparation of the gene therapy construct can consist essentially of the 
gene delivery system in an acceptable diluent, or can comprise a slow release matrix in- which 
the gene delivery vehicle is imbedded. Where the albumin fusion protein can be produced 
intact from recombinant cells, e.g. retroviral vectors, the pharmaceutical preparation can 
comprise one or more cells which produce the albumin fusion protein. 

30 



371 



wo 01/79444 



PCT/USOl/12013 



Additional Gene Therapy Methods 

Also encompassed by the invention are gene therapy methods for treating or 
preventing disorders, diseases and conditions. The gene therapy methods relate to the 
introduction of nucleic acid (DNA, RNA and antisense DNA or RNA) sequences into an 
5 animal to achieve expression of an albumin fusion protein of the invention. This method 
requires a polynucleotide which codes for an albumin fusion protein of the present invention 
operatively linked to a promoter and any other genetic elements necessary for the expression 
of the fusion protein by the target tissue. Such gene therapy and delivery techniques are 
known in the art, see, for example, WO90/1 1092, which is herein incorporated by reference. 

10 Thus, for example, cells from a patient may be engineered with a polynucleotide 

(DNA or RNA) comprising a promoter operably linked to a polynucleotide encoding an 
albumin fusion protein of the present invention ex vivo, with the engineered cells then being 
provided to a patient to be treated with the fusion protein of the present invention. Such 
methods are well-known in the art. . For example, see Belldegrun, A., et ah, J. Natl. Cancer 

15 Inst 85: 207-216 (1993); Ferrantini, M. et al.. Cancer Research 53: 1107-1112 (1993); 
Ferrantini, M. et al., J. Immunology 153: 4604-4615 (1994); Kaido, T., et al.. Int. J. Cancer 
60: 221-229 (1995); Ogura, H., etal., Cancer Research 50: 5102-5106 (1990); Santodonato, 
L., et al.. Human Gene Therapy 7:1-10 (1996); Santodonato, L., et al., Gene Therapy 
4:1246-1255 (1997); and Zhang, J.-F. et al., Cancer Gene Therapy 3: 31-38 (1996)), which 

20 are herein incorporated by reference. In one embodiment, the cells which are engineered are 
arterial cells. The arterial cells may be reintroduced into the patient through direct injection to 
the artery, the tissues surrounding the artery, or through catheter injection. 

As discussed in more detail below, the polynucleotide constructs can be delivered by 
any method that delivers injectable materials to the cells of an animal, such as, injection into 

25 the interstitial space of tissues (heart, muscle, skin, lung, liver, and the like). The 
polynucleotide constructs may be delivered in a pharmaceutically acceptable liquid or aqueous 
carrier. 

In one embodiment, polynucleotides encoding the albumin fusion proteins of the 
present invention is delivered as a naked polynucleotide. The term "naked" polynucleotide, 

30 DNA or RNA refers to sequences that are free from any delivery vehicle that acts to assist, 
promote or facilitate entry into the cell, including viral sequences, viral particles, liposome 
formulations, lipofectin or precipitating agents and the like. However, polynucleotides 
encoding the albumin fusion proteins of the present invention can also be delivered in 
liposome formulations and lipofectin formulations and the like can be prepared by methods 

35 well known to those skilled in the art. Such methods are described, for example, in U.S. 
Patent Nos. 5,593,972, 5,589,466, and 5,580,859, which are herein incorporated by 
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reference. 

The polynucleotide vector constructs used in the gene therapy method are preferably 
constructs that will not integrate into the host genome nor will they contain sequences that 
allow for replication. Appropriate vectors include pWLNEO, pSV2CAT, pOG44, pXTl and 
5 pSG available from Stratagene; pSVK3, pBPV, pMSG and pSVL available from Pharmacia; 
and pEFlA^S, pcDNAS.l, and pRc/CMV2 available from Invitrogen. Other suitable vectors 
will be readily apparent to the skilled artisan. 

Any strong promoter known to those skilled in the art can be used for driving the 
expression of the polynucleotide sequence. Suitable promoters include adenoviral promoters, 

10 such as the adenoviral major late promoter; or heterologous promoters, such as the 
cytomegalovirus (CMV) promoter; the respiratory syncytial virus (RSV) promoter; inducible 
promoters, such as the MMT promoter, the metallothionein promoter; heat shock promoters; 
the albumin promoter; the ApoAI promoter; human globin promoters; viral thymidine kinase 
promoters, such as the Herpes Simplex thymidine kinase promoter; retroviral LTRs; the b- 

15 actin promoter; and human growth hormone promoters. The promoter also may be the native 
promoter for the gene corresponding to the Therapeutic protein portion of the albumin fusion 
proteins of the invention. 

Unlike other gene therapy techniques, one major advantage of introducing naked 
nucleic acid sequences into target cells is the transitory nature of the polynucleotide synthesis 

20 in the cells. Studies have shown that non-replicating DNA sequences can be introduced into 
cells to provide production of the desired polypeptide for periods of up to six months. 

The polynucleotide construct can be delivered to the interstitial space of tissues within 
the an animal, including of muscle, skin, brain, lung,, liver, spleen, bone marrow, thymus, 
heart, lymph, blood, bone, cartilage, pancreas, kidney, gall bladder, stomach, intestine, 

25 testis, ovary, uterus, rectum, nervous system, eye, gland, and connective tissue. Interstitial 
space of the tissues comprises the intercellular, fluid, mucopolysaccharide matrix among the 
reticular fibers of organ tissues, elastic fibers in the walls of vessels or chambers, collagen 
fibers of fibrous tissues, or that same matrix within connective tissue ensheathing muscle cells 
or in the lacunae of bone. It is similarly the space occupied by the plasma of the circulation 

30 and the lymph fluid of the lymphatic channels. Delivery to the interstitial space of muscle 
tissue is preferred for the reasons discussed below. They may be conveniently delivered by 
injection into the tissues comprising these cells. They are preferably delivered to and 
expressed in persistent, non-dividing cells which are differentiated, although delivery and 
expression may be achieved in non-differentiated or less completely differentiated cells, such 

35 as, for example, stem cells of blood or skin fibroblasts. In vivo muscle cells are particularly 
competent in their ability to take up and express polynucleotides. 
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For the naked nucleic acid sequence injection, an effective dosage amount of DNA or 
RNA will be in the range of from about 0.05 mg/kg body weight to about 50 mg/kg body 
weight. Preferably the dosage will be from about 0.005 mg/kg to about 20 mg/kg and more 
preferably from about 0.05 mg/kg to about 5 mg/kg. Qf course, as the artisan of ordinary 
5 skill will appreciate, this dosage will vary according to the tissue site of injection. The 
appropriate and effective dosage of nucleic acid sequence can readily be determined by those 
of ordinary skill in the art and may depend on the condition being treated and the route of 
administration. 

The preferred route of administration is by the parenteral route of injection into the 
10 interstitial space of tissues. However, other parenteral routes may also be used, such as, 
inhalation of an aerosol formulation particularly for deUvery to lungs or bronchial tissues, 
throat or mucous membranes of the nose. In addition, naked DNA constructs can be 
delivered to arteries during angioplasty by the catheter used in the procedure. 

The naked polynucleotides are delivered by any method known in the art, including, 
15 but not limited to, direct needle injection at the delivery site, intravenous injection, topical 
administration, catheter infusion, and so-called "gene guns". These delivery methods are 
known in the art. 

The constructs may also be delivered with delivery vehicles such as viral sequences, 
viral particles, liposome formulations, lipofectin, precipitating agents, etc. Such methods of 

20 delivery are known in the art. 

In certain embodiments, the polynucleotide constructs are complexed in a liposome 
preparation. Liposomal preparations for use in the instant invention include cationic 
(positively charged), anionic (negatively charged) and neutral preparations. However, cationic 
liposomes are particularly preferred because a tight charge complex can be. formed between 

25 the cationic liposome and the poly anionic nucleic acid. Cationic liposomes have been shown 
to mediate intracellular delivery of plasmidDNA (Feigner et al., Proc. Natl. Acad. Sci. USA 
(1987) 84:7413-7416, which is herein incorporated by reference); mRNA (Malone et al., 
Proc. Nati. Acad. Sci. USA (1989) 86:6077-6081, which is herein incorporated by 
reference); and piuified transcription factors (Debs et al., J, Biol. Chem. (1990) 

30 265: 10189-10192, which is herein incorporated by reference), in functional form. 

Cationic liposomes are readily available. For example, 
N[l-2,3-dioleyloxy)propyl]-N,N,N-triethylammonium (DOTMA) liposomes are particularly 
useful and are available under the trademark Lipofectin, from GIBCO BRL, Grand Island, 
N.Y. (See, also, Feigner et al., Proc. Nati Acad. Sci. USA (1987) 84:7413-7416, which is 

35 herein incorporated by reference). Other commercially available liposomes include 
transfectace (DDAB/DOPE) and DOTAP/DOPE (Boehringer). 
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Other cationic liposomes can be prepared from readily available materials using 
techniques well known in the art. See, e.g. PCT Publication No. WO 90/11092 (which is 
herein incorporated by reference) for a description of the synthesis of DOTAP (1,2- 
bis(oleoyloxy)-3-(trimethylammonio)propane) liposomes. Preparation of DOTMA liposomes 
5 is explained in the literature, see, e.g., P. Feigner et aL, Proc. Natl. Acad. Sci. USA 
84:7413-7417, which is herein incorporated by reference. Similar methods can be used to 
prepare liposomes from other cationic lipid materials. 

Similarly, anionic and neutral liposomes are readily available, such as from Avanti 
Polar Lipids (Birmingham, Ala.), or can be easily prepared using readily available materials. 

10 Such materials include phosphatidyl, choline, cholesterol, phosphatidyl ethanolamine, 
dioleoylphosphatidyl choUne (DOPC), dioleoylphosphatidyl glycerol (DOPG), 
dioleoylphoshatidyl ethanolamine (DOPE), among others. These materials can also be mixed 
with the DOTMA and DOTAP starting materials in appropriate ratios. Methods for making 
liposomes using these materials are wfeU known in the art. 

15 For ; example, commercially dioleoylphosphatidyl choline (DOPC),;?^ 

dioleoylphosphatidyl glycerol (DOPG), and dioleoylphosphatidyl ethanolamine (DOPE) can 
be used in various combinations to make conventional liposomes, with or without the addition 
of cholesterol. Thus, for example, DOPG/DOPC vesicles can be prepared by drying 50 mg 
each of DOPG and DOPC under a stream of nitrogen gas into a sonication vial. The sample is 

20 placed under a vacuum pump overnight and is hydrated the following day with deionized 
water. The sample is then sonicated for 2 hours in a capped vial, using a Heat Systems model 
350 sonicator equipped with an inverted cup (bath type) probe at the maximum setting while 
the bath is circulated at 15EC. Alternatively, negatively charged vesicles can be prepared 
without sonication to produce multilamellar vesicles or by extrusion through nucleopore 

25 membranes to produce unilamellar vesicles of discrete size. Other methods are known and 
available to those of skill in the art. 

The liposomes can comprise multilamellar vesicles (MLVs), small unilamellar vesicles 
(SUVs), or large unilamellar vesicles (LUVs), with SUVs being preferred. The various 
liposome-nucleic acid complexes are prepared using methods well known in the art. See, 

30 e.g., Straubinger et al., Mefliods of Immunology (1983), 101:512-527, which is herein 
incorporated by reference. For example, MLVs containing nucleic acid can be prepared by 
depositing a thin film of phospholipid on the walls of a glass tube and subsequentiy hydrating 
with a solution of the material to be encapsulated. SUVs are prepared by extended sonication 
of MLVs to produce a homogeneous population of unilamellar liposomes. The material to be 

35 entrapped is added to a suspension of preformed MLVs and then sonicated. When using 
liposomes containing cationic lipids, the dried hpid film is resuspended in an appropriate 
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solution such as sterile water or an isotonic buffer solution such as 10 mM Tris/NaCl, 
sonicated, and then the preformed liposomes are mixed direcdy with the DNA. The liposome 
and DNA form a very stable complex due to binding of the positively charged liposomes to 
the cationic DNA; SUVs find use with small nucleic acid fragments. LUVs are prepared by a 
5 number of methods, well known in the art. Commonly used methods include Ca^^-EDTA 
chelation (Papahadjopoulos et al., Biochim. Biophys. Acta (1975) 394:483; Wilson et aL, 
Cell 17:77 (1979)); ether injection (Deamer, D. and Bangham, A., Biochim. Biophys, Acta 
443:629 (1976); Ostro et aL, Biochem. Biophys. Res. Commun. 76:836 (1977); Fraley et 
al., Proc. Natl. Acad. Sci. USA 76:3348 (1979)); detergent dialysis (Enoch, H, and 

10 Strittmatter, P., Proc. Natl. Acad. Sci. USA 76:145 (1979)); and reverse-phase evaporation 
(REV) (Fraley et al., J. Biol. Chem. 255:10431 (1980); Szoka, R and Papahadjopoulos, D., 
Proc. Natl. Acad. Sci. USA 75:145 (1978); Schaefer-Ridder et aL, Science 215:166 
(1982)), which are herein incorporated by reference. 

Generally, the ratio of DNA to liposomes will be from about 10:1 to about 1:10. 

15 Preferably, the ration will be from about 5:1 to about 1:5. More preferably, the ration will be 
about 3:1 to about 1:3. Still more preferably, the ratio will be about 1:1. 

U.S. Patent No. 5,676,954 (which is herein incorporated by reference) reports on the 
injection of genetic material, complexed with cationic liposomes carriers, into mice. U.S. 
Patent Nos. 4,897,355, 4,946,787, 5,049,386, 5,459,127, 5,589,466, 5,693,622, 

20 5,580,859, 5,703,055, and international publication no. WO 94/9469 (which are herein 
incorporated by reference) provide cationic lipids for use in transfecting DNA into cells and 
mammals. U.S. Patent Nos. 5,589,466, 5,693,622, 5,580,859, 5,703,055, and 
international publication no. WO 94/9469 provide methods for delivering DNA-cationic lipid 
complexes to mammals. 

25 In certain embodiments, cells are engineered, ex vivo or in vivo, using a retroviral 

particle containing RNA which comprises a sequence encoding an albumin fusion protein of 
die present invention. Retroviruses from which the retroviral plasmid vectors may be derived 
include, but are not limited to, Moloney Murine Leukemia Virus, spleen necrosis virus, Rous 
sarcoma Virus, Harvey Sarcoma Virus, avian leukosis virus, gibbon ape leukemia virus, 

30 human immunodeficiency virus. Myeloproliferative Sarcoma Virus, and mammary tumor 
virus. 

The retroviral plasmid vector is employed to transduce packaging cell lines to form 
producer cell lines. Examples of packaging cells which may be transfected include, but are 
not limited to, tiie PE501, PA317, R-2, R^AM, PA12, T19-14X, VT-19-17-H2, RCRE, 
35 RCRIP, GP+E-86, GP+envAml2, and DAN cell lines as described in Miller, Human Gene 
Therapy 1:5-14(1990), which is incorporated herein by reference in its entirety. The vector 
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may transduce the packaging ceils ttirougli any means known in the art. Such means include, 
but are not limited to, electroporation, the use of liposomes, and CaP04 precipitation. In one 
altemadve, the retroviral plasmid vector may be encapsulated into a liposome, or coupled to a 
lipid, and then administered to a host. 
5 The producer cell hne generates infectious retroviral vector particles which include 

polynucleotide encoding an albumin fusion protein of the present invention. Such retroviral 
vector particles then may be employed, to transduce eukaryotic cells, either in vitro or in vivo. 
The transduced eukaryotic cells will express a fusion protin of the present invention. 

In certain other embodiments, cells are engineered, ex vivo or in vivo, with 
, 10 polynucleotide contained in an adenovirus vector. Adenovirus can be manipulated such that it 
encodes and expresses fusion protein of the present invention, and at the same time is 
inactivated in terms of its ability to replicate in a normal lytic viral life cycle. Adenovirus 
expression is achieved without integration of the viral DNA into the host cell chromosome, 
thereby alleviating concerns about insertional mutagenesis. Furthermore, adenoviruses have 

15 been used as live enteric vaccines for many years with an excellent safety profile (Schwartz et 
al. Am. Rev. Respir. Dis. 109:233-238 (1974)). Finally, adenovirus mediated gene transfer 
has been demonstrated in a number of instances including transfer of alpha-l-antitrypsin and 
CFTR to. the lungs of cotton rats (Rosenfeld, M. A. et al. (1991) Science 252:431-434; 
Rosenfeld et al., (1992) Cell 68:143-155). Furthermore, extensive studies to attempt to 

20 establish adenovirus as a causative agent in human cancer were uniformly negative (Green, 
M. et ah (1979) Proc. Natl. Acad. Sci. USA 76:6606). 

Suitable adenoviral vectors useful in the present invention are described, for example, 
in Kozarsky and Wilson, Curr. Opin, Genet. Devel. 3:499-503 (1993); Rosenfeld et aL, Cell 
68:143-155 (1992); Engelhardt et al., Human Genet. Then 4:759-769 (1993); Yang et al., 

25 Nature Genet. 7:362-369 (1994); Wilson etaL, Nature 365:691-692 (1993); and U.S. 
Patent No. 5,652,224, which are herein incorporated by reference. For example, the 
adenovirus vector Ad2 is useful and can be grown in human 293 cells. These cells contain the 
El region of adenovirus and constitutively express Ela and Elb, which complement the 
defective adenoviruses by providing the products of the genes deleted from the vector. In 

30 addition to Ad2, other varieties of adenovirus (e.g., Ad3, Ad5, and Ad7) are also useful in 
the present invention. 

Preferably, the adenoviruses used in the present invention are replication deficient. 
Replication deficient adenoviruses require the aid of a helper virus and/or packaging cell line 
to form infectious particles. The resulting virus is capable of infecting cells and can express a 

35 polynucleotide of interest which is operably linked to a promoter, but cannot replicate in most 
cells. Replication deficient adenoviruses may be deleted in one or more of all or a portion of 
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the following genes: El a, Elb, E3, E4, E2a, or LI through L5. 

In certain other embodiments, the cells are engineered, ex vivo or in vivo, using an 
adeno-associated virus (AAV). AAVs are naturally occurring defective viruses that require 
helper viruses to produce infectious particles (Muzyczka, N., Curr. Topics in Microbiol. 
5 InmiunoL 158:97 (1992)). It is also one of the few viruses that may integrate its DNA into 
non-dividing cells. Vectors containing as little as 300 base pairs of AAV can be packaged and 
can integrate, but space for exogenous DNA is limited to about. 4.5 kb. Methods for 
producing and using such AAVs are known in the art. See, for example, U.S. Patent Nos, 
5,139,941, 5,173,414, 5,354,678, 5,436,146, 5,474,935, 5,478,745, and 5,589,377. 

10 For example, an appropriate AAV vector for use in the present invention will include 

all the sequences necessary for DNA replication, encapsidation, and host-cell integration. The 
polynucleotide construct is inserted into the AAV vector using standard cloning methods, 
such as those found in Sambrook etal.. Molecular Cloning: A Laboratory Manual, Cold 
Spring Harbor Press (1989). The recombinant AAV vector is then transfected into packaging 

1 5 cells which are infected with a helper virus, using any standard technique, including 
lipofection, electroporation, calcium phosphate precipitation, etc. Appropriate helper viruses 
include adenoviruses, cytomegaloviruses, vaccinia viruses, or herpes viruses. Once the 
packaging cells are transfected and infected, they will produce infectious AAV viral particles 
which contain the polynucleotide construct. These viral particles are then used to transduce 

20 eukaiyotic cells, either ex vivo or in vivo. The transduced cells will contain the 
polynucleotide construct integrated into its genome, and will express a fsuion protein of the 
invention. 

Another method of gene therapy involves operably associating heterologous control 
regions and endogenous polynucleotide sequences (e.g. encoding a polypeptide of the present 

25 invention) via homologous recombination (see, e.g., U.S. Patent No. 5,641,670, issued 
June 24, 1997; International Publication No. WO 96/29411, published September 26, 1996; 
International Publication No. WO 94/12650, published August 4, 1994; KoUer et al., Proc. 
Natl. Acad. Sci. USA 86:8932-8935 (1989); and Zijlstra et al.. Nature 342:435-438 (1989), 
which are herein encorporated by reference. This method involves the activation of a gene 

30 which is present in the target cells, but which is not normally expressed in the cells, or is 
expressed at a lower level than desired. 

Polynucleotide constructs are made, using standard techniques known in the art, 
which contain the promoter with targeting sequences flanking the promoter. Suitable 
promoters are described herein. The targeting sequence is sufficiently complementary to an 

35 endogenous sequence to permit homologous recombination of the promoter-targeting 
sequence with the endogenous sequence. The targeting sequence will be sufficiently near the 
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5' end of the desired endogenous polynucleotide sequence so the promoter will be operably 
linked to the endogenous sequence upon homologous recombination. 

The promoter and the targeting sequences can be amplified using PGR. Preferably, 
the amplified promoter contains distinct restriction enzyme sites on the 5' and 3* ends. 
5 Preferably, the 3' end of the first targeting sequence contains the same restriction enzjme site 
as the 5' end of the amplified promoter and the 5' end of the second targeting sequence 
contains the same restriction site as the 3' end of the amplified promoter. The amplified 
promoter and targeting sequences are digested and ligated together. 

The promoter-targeting sequence construct is delivered to the cells, either as naked 

10 polynucleotide, or in conjunction with transfection-facilitatiug agents, such as liposomes, 
viral sequences, viral particles, whole viruses, lipofection, precipitating agents, etc., 
described in more detail above. The P promoter-targeting sequence can be delivered by any 
method- included direct needle injection, intravenous injection, topical administration, catheter 
infusion, particle accelerators, etc. The methods are described in more detail below. 

15 The promoter-targeting sequence construct is taken up by cells. Homologous 

recombination between the construct and the endogenous sequence takes place, such that an 
endogenous sequence is placed under the control of the promoter. The promoter then drives 
the expression of the endogenous sequence. 

The polynucleotide encoding an albumin fusion protein of the present invention may 

20 contain a secretory signal sequence that facilitates secretion of the protein. Typically, the 
signal sequence is positioned in the coding region of the polynucleotide to be expressed 
towards or at the 5' end of the coding region. The signal sequence may be homologous or 
heterologous to the polynucleotide of interest and may be homologous or heterologous to the 
cells to be transfected. Additionally, the signal sequence may be chemically synthesized using 

25 methods known in the art. 

Any mode of administration of any of the above-described polynucleotides constructs 
can be used so long as the mode results in the expression of one or more molecules in an 
amount sufficient to provide a therapeutic effect. This includes direct needle injection, 
systemic injection, catheter infusion, biolistic injectors, particle accelerators (i.e., "gene 

30 guns"), gelfoam sponge depots, other commercially available depot materials, osmotic pumps 
(e.g., Alza minipumps), oral or suppositorial solid (tablet or pill) phannaceutical 
formulations, and decanting or topical appUcations during surgery. For example, direct 
injection of naked calcium phosphate-precipitated plasmid into rat liver and rat spleen or a 
protein-coated plasmid into the portal vein has resulted in gene expression of the foreign gene 

35 in the rat livers (Kaneda et al.. Science 243:375 (1989)). 

A preferred method of local administration is by direct injection. Preferably, an 
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albumin fusion protein of the present invention complexed with a delivery vehicle is 
administered by direct injection into or locally within the area of arteries. Administration of a 
composition locally within the area of arteries refers to injecting the composition centimeters 
and preferably, millimeters within arteries. 
5 Another method of local administration is to contact a polynucleotide construct of the 

present invention in or around a surgical wound. For example, a patient can undergo surgery 
and the polynucleotide construct can be coated on the surface of tissue inside the wound or the 
construct can be injected into areas of tissue inside the wound. 

Therapeutic compositions useful in systemic administration, include fusion proteins of 

10 the present invention complexed to a targeted delivery vehicle of the present invention. 
Suitable delivery vehicles for use with systemic administration comprise liposomes 
comprising ligands for targeting the vehicle to a particular site. In specific embodiments, 
suitable deUveiy vehicles for use with systemic administration comprise liposomes 
comprising albumin fusion proteins of the invention for targeting the vehicle to a particular 

15 site. ^ 

Preferred methods of systemic administration, include intravenous injection, aerosol, 
oral and percutaneous (topical) delivery. Intravenous injections can be performed using 
methods standard in the art. Aerosol delivery can also be performed using methods standard 
in the art (see, for example, Stribling et al., Proc. Nad. Acad. Sci. USA 189:11277-11281, 

20 1992, which is incorporated herein by reference). Oral delivery can be performed by 
complexing a polynucleotide construct of the present invention to a carrier capable of 
withstanding degradation by digestive enzymes in the gut of an animal. Examples of such 
carriers, include plastic capsules or tablets, such as those known in the art. Topical delivery 
can be performed by mixing a polynucleotide construct of the present invention with a 

25 lipophilic reagent (e.g., DMSO) that is capable of passing into the skin. 

Detemnining an effective amount of substance to be delivered can depend upon a 
number of factors including, for example, the chemical structure and biological activity of the 
substance, the age and weight of the animal, the precise condition requiring treatment' and its 
severity, and the route of administration. The frequency of treatments depends upon a 

30 number of factors, such as the amount of polynucleotide constmcts administered per dose, as 
well as the health and history of the subject. The precise amount, number of doses, and 
timing of doses will be determined by the attending physician or veterinarian. 

Albumin fusion proteins of the present invention can be administered to any animal, 
preferably to mammals and birds. Preferred mammals include humans, dogs, cats, mice, rats, 

35 rabbits sheep, cattle, horses and pigs, with humans being particularly preferred. 
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Biological Activities 

Albumin fusion proteins and/or polynucleotides encoding albumin fusion proteins of 
the present invention, can be used in assays to test for one or more biological activities. If an 
albumin fusion protein and/or polynucleotide exhibits an activity in a particular assay, it is 
likely that the Therapeutic protein corresponding to the fusion portein may be involved in the 
diseases associated with the biological activity. Thus, the fusion protein could be used to treat 
the associated disease. 

Members of the secreted family of proteins are believed to be involved in biological 
activities associated with, for example, cellular signaling. Accordingly, albumin fusion 
proteins of the invention and polynucleotides encoding these protiens, may be used in 
diagnosis, prognosis, prevention and/or treatment of diseases and/or disorders associated 
with aberrant activity of secreted polypeptides. 

In preferred embodiments, fusion proteins of the present invention may be used in die 
diagnosis, prognosis, prevention and/or treatment of diseases and/or disorders relating to 
diseases and disorders of the endocrine system, the nervous system (See, for example, 
"Neurological Disorders" section below), the immune system (See, for example, "Immune 
Activity" section below), respiratory system (See, for example, "Respiratory Disorders" 
section below), cardiovascular system (See, for example, "Cardiovascular Disorders" section 
below), reproductive system (See, for example, "Reproductive System Disorders" section 
below) digestive system (See, for example, "Gastrointestinal Disorders" section below), 
diseases and/or disorders relating to cell proliferation (See, for example, "Hyperproliferative 
Disorders/Cancer" section below), and/or diseases or disorders relating to the blood ((See, for 
example, "Blood-Related Disorders" section below). 

In preferred embodiments, the present invention encompasses a method of treating a 
disease or disorder listed in tlie "Preferred Indication Y" column of Table 1 comprising 
administering to a patient in which such treatment, prevention or amelioration is desired an 
albumin fusion protein of the invention that comprises a Therapeutic protein portion 
corresponding to a Therapeutic protein disclosed in the "Therapeutic Protein X" colunm of 
Table 1 (in the same row as the disease or disorder to be treated is listed in the "Preferred 
Indication Y" column of Table 1) in an amount effective to treat, prevent or ameliorate the 
disease or disorder. 

In certain embodiments, an albumin fusion protein of the present invention may be 
used to diagnose and/or prognose diseases and/or disorders associated with the tissue(s) in 
which the gene corresponding to the Therapeutic protein portion of the fusion portien of the 
invention is expressed. 
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Thus, fusion proteins of the invention and polynucleotides encoding albumin fusion 
proteins of the invention are useful in the diagnosis, detection and/or treatment of diseases 
and/or disorders associated with activities tliat include, but are not limited to, prohormone 
activation, neurotransmitter activity, cellular signaling, cellular proliferation, cellular 
5 differentiation, and cell migration. 

More generally, fusion proteins of the invention and polynucleotides encoding 
albumin fusion proteins of the invention may be useful for the diagnosis, prognosis, 
prevention and/or treatment of diseases and/or disorders associated with the following 
systems. 

10 

Immune Activity 

Albumin fusion proteins of the invention and polynucleotides encoding albumin 
fusion proteins of the invention may be useful in treating, preventing, diagnosing and/or 
prognosing diseases, disorders, and/or conditions of the immune system, by, for example, 

15 activating or inhibiting the proliferation, differentiation, or mobilization (chemotaxis) of 
immune cells. Immune cells develop through a process called hematopoiesis, producing 
myeloid (platelets, red blood cells, neutrophils, and macrophages) and lymphoid (B and T 
lymphocytes) cells from pluripotent stem cells. The etiology of these immune diseases, 
disorders, and/or conditions may be genetic, somatic, such as cancer and some autoimmune 

20 diseases, acquired (e.g., by chemotherapy or toxins), or infectious. Moreover, fusion 
proteins of the invention and/or polynucleotides encoding albumin fusion proteins of the 
invention can be used as a marker or detector of a particular immune system disease or 
disorder. 

In another embodiment, a fusion protein of the invention and/or polynucleotide 
25 encoding an albumin fusion protein of the invention, may be used to treat diseases £uid 
disorders of the immune system and/or to inhibit or enhance an immune response generated 
by cells associated with the tissue(s) in which the polypeptide of the invention is expressed. 

Albumin fusion proteins of the invention and/or polynucleotides encoding albumin 
fusion proteins of the invention may be useful in treating, preventing, diagnosing, and/or 
30 prognosing immunodeficiencies, including both congenital and acquired immunodeficiencies. 
Examples of B cell immunodeficiencies in which immunoglobulin levels B cell function 
and/or B cell numbers are decreased include; X-linked agammaglobulinemia (Bruton's 
disease), X-linked infantile agammaglobulinemia, X-linked inununodeficiency with hyper 
IgM, non X-linked immunodeficiency with hyper IgM, X-linked lymphoproliferative 
35 syndrome (XLP), agammaglobulinemia including congenital and acquired 
agammaglobulinemia, adult onset agammaglobulinemia, late-onset agammaglobulinemia, 
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dysgainmaglobulineniia, hypogammaglobulinemia, unspecified hypogammaglobulinemia, 
recessive agammaglobulinemia (Swiss type), Selective IgM deficiency, selective IgA 
deficiency, selective IgG subclass deficiencies, IgG subclass deficiency (with or without IgA 
deficiency), Ig deficiency with increased IgM, IgG and IgA deficiency with increased IgM, 
5 antibody deficiency with normal or elevated Igs, Ig heavy chain deletions, kappa chain 
deficiency, B cell lymphoproliferative disorder (BLPD), common variable immunodeficiency 
(CVID), common variable immunodeficiency (CVI) (acquired), and transient 
hypogammaglobulinemia of infancy. 

In specific embodiments, ataxia-telangiectasia or conditions associated with ataxia- 

10 telangiectasia are treated, prevented, diagnosed, and/or prognosing using the, fusion proteins 
of the invention and/or polynucleotides encoding albumin fusion proteins of the invention. 

Examples of congenital immunodeficiencies in which T cell and/or B cell function 
and/or number is decreased include, but are not limited to: DiGeorge anomaly, severe 
combined immimodeficiencies (SCID) (including, but not limited to, X-Iinked SCID, 

15 autosomal recessive SCID, adenosine deaminase deficiency, purine nucleoside phosphorylase 
(PNP) deficiency. Class II MHC deficiency (Bare lymphocyte syndrome), Wiskott-Aldrich 
syndrome, and ataxia telangiectasia), thymic hypoplasia, third and fourth pharyngeal pouch 
syndrome, 22ql 1.2 deletion, chronic mucocutaneous candidiasis, natural killer cell deficiency 
(NK), idiopathic- CD4+ T-lymphocytopenia, immunodeficiency with predominant T cell 

20 defect (unspecified), and unspecified inmiunodeficiency of cell mediated immunity. 

In specific embodiments, DiGeorge anomaly or conditions associated with DiGeorge 
anomaly are treated, prevented, diagnosed, and/or prognosed using fusion proteins of the 
invention and/or polynucleotides encoding albumin fusion proteins of the invention. 

Other immunodeficiencies that may be treated, prevented, diagnosed, and/or 

25 prognosed using fusion proteins of the invention and/or polynucleotides encoding albumin 
fusion proteins of the invention, include, but are not limited to, chronic granulomatous 
disease, Chediak-Higashi syndrome, myeloperoxidase deficiency, leukocyte glucose-6- 
phosphate dehydrogenase deficiency, X-linked lymphoproliferative syndrome (XLP), 
leukocyte adhesion deficiency, complement component deficiencies (including CI, C2, C3, 

30 C4, C5, C6, C7, C8 and/or C9 deficiencies), reticular dysgenesis, thymic alymphoplasia- 
aplasia, immunodeficiency with thymoma, severe congenital leukopenia, dysplasia with 
inununodeficiency, neonatal neutropenia, short limbed dwarfism, and Nezelof syndrome- 
combined immunodeficiency with Igs. 

In a preferred embodiment, the immunodeficiencies and/or conditions associated with 

35 the immunodeficiencies recited above are treated, prevented, diagnosed and/or prognosed 
using fusion proteins of the invention and/or polynucleotides encoding albumin fusion 
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proteins of the invention. 

In a preferred embodiment fusion proteins of the invention and/or polynucleotides 
encoding albumin fusion proteins of the invention could be used as an agent to boost 
Infununorespbnsiveness among immunodeficient individuals. In specific embodiments, 
5 fusion proteins of the invention and/or polynucleotides encoding albumin fusion proteins of 
the invention could be used as an agent to boost immunoresponsiveness among B cell and/or 
T cell immunodeficient individuals. 

The albumin fusion proteins of the invention and/or polynucleotides encoding albumin 
fusion proteins of the invention may be useful in treating, preventing, diagnosing and/or 

10 prognosing autoimmune disorders. Many autoimmune disorders result from inappropriate 
recognition of self as foreign material by immune cells. This inappropriate recognition results 
in an immune response leading to the destruction of the host tissue. Therefore, the 
administration of fusion proteins of the invention and/or polynucleotides encoding albumin 
fusion proteins of the invention that can inhibit an inunune response, particularly the 

15 proliferation, differentiation, or chemotaxis of T~cells, may be an effective therapy in 
preventing autoimmune disorders. 

Autoimmune diseases or disorders that may be treated, prevented, diagnosed and/or 
prognosed by fusion proteins of the invention and/or polynucleotides encoding albiunin 
fusion proteins of the invention include, but are not limited to, one or more of the following: 

20 systemic lupus erythematosus, rheumatoid arthritis, ankylosing spondylitis, multiple 
sclerosis, autoimmune thyroiditis, Hashimoto's thyroiditis, autoimmune hemolytic anemia, 
hemolytic anemia, thrombocytopenia, autoimmime thrombocytopenia purpura, autoimmime 
neonatal thrombocytopenia, idiopathic thrombocytopenia purpura, purpura (e.g., Henloch- 
Scoenlein purpura), autoimmunocytopenia, Goodpasture's syndrome. Pemphigus vulgaris, 

25 myasthenia gravis. Grave's disease (hyperthyroidism), and insulin-resistant diabetes mellitus. 

Additional disorders that are likely to have an autoimmune component that may be 
treated, prevented, and/or diagnosed with the albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention include, but are not limited 
to, type II collagen-induced arthritis, antiphospholipid syndrome, dermatitis, allergic 

30 encephalomyelitis, myocarditis, relapsing polychondritis, rheumatic heart disease, neuritis, 
uveitis ophthalmda, polyendocrinopathies, Reiter's Disease, Stiff-Man Syndrome, 
autoimmune pulmonary inflammation, autism, Guillain-Barre Syndrome, insulin dependent 
diabetes mellitus, and autoimmune inflamanatory eye disorders. 

Additional disorders that are likely to have an autoimmune component that may be 

35 treated, prevented, diagnosed and/or prognosed with the albumin fusion proteins of the 
invention and/or polynucleotides encoding albumin fusion proteins of the invention include, 
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but are not limited to, scleroderma with anti-collagen antibodies (often characterized, e.g., by 
nucleolar and other nuclear antibodies), mixed connective tissue disease (often characterized, 
e.g., by antibodies to extractable nuclear antigens (e.g., ribonucleoprotein)), polymyositis 
(often characterized, e.g., by nonhistone ANA), pernicious anemia (often characterized, e.g., 
5 by antiparietal cell, microsomes, and intrinsic factor antibodies), idiopathic Addison's disease 
(often characterized, e.g., by humoral and cell-mediated adrenal cytotoxicity, infertility (often 
characterized, e.g., by antispermatozoal antibodies), glomerulonephritis (often characterized, 
e.g., by glomerular basement membrane antibodies or inunune complexes), bullous 
pemphigoid (often characterized, e.g., by IgG and complement in basement membrane), 
10 Sjogren's syndrome (often characterized, e.g., by multiple tissue antibodies, and/or a specific 
nonhistone ANA (SS-B)), diabetes mellitus (often characterized, e.g., by cell-mediated and 
humoral islet cell antibodies), and adrenergic drug resistance (including adrenergic drug 
resistance with asthma or cystic fibrosis) (often characterized, e.g., by beta-adrenergic 
receptor antibodies). 

15 Additional disorders that may have an autoimmune component that may be treated, 

prevented, diagnosed and/or prognosed with the albumin fusion proteins of the invention 
and/or polynucleotides encoding albumin fusion proteins of the invention include, but are not 
limited to, chronic active hepatitis (often characterized, e.g., by smooth muscle antibodies), 
primary biliary cirrhosis (often characterized, e.g., by mitochondria antibodies), other 

20 endocrine gland failure (often characterized, e.g., by specific tissue antibodies in some cases), 
vitiligo (often characterized, e.g., by melanocyte antibodies), vasculitis (often characterized, 
e.g., by Ig and complement iii vessel walls and/or low serum complement), post-MI (often 
characterized, e.g., by myocardial antibodies), cardiotomy syndrome (often characterized, 
e.g., by myocardial antibodies), urticaria (often characterized, e.g., by IgG and IgM 

25 antibodies to IgE), atopic dermatitis (often characterized, e.g., by IgG and IgM antibodies to 
IgE), asthma (often characterized, e.g., by IgG and IgM antibodies to IgE), and many other 
inflammatory, granulomatous, degenerative, and atrophic disorders. 

In a preferred embodiment, the autoimmune diseases and disorders and/or conditions 
associated with the diseases and disorders recited above are treated, prevented, diagnosed 

30 and/or prognosed using for example, fusion proteins of the invention and/or polynucleotides 
encoding albumin fusion proteins of the invention. In a specific preferred embodiment, 
rheumatoid arthritis is treated, prevented, and/or diagnosed using fusion proteins of the 
invention and/or polynucleotides encoding albumin fusion proteins of the invention. 

In another specific preferred embodiment, systemic lupus erythematosus is treated, 

35 prevented, and/or diagnosed using fusion proteins of the invention and/or polynucleotides 
encoding albumin fusion proteins of the invention. In another specific preferred embodiment. 
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idiopathic thrombocytopenia purpura is treated, prevented, and/or diagnosed using fusion 
proteins of the invention and/or polynucleotides encoding albumin fusion proteins of the 
invention. 

In another specific preferred embodiment IgA nephropathy is treated, prevented, 
5 and/or diagnosed using fusion proteins of the invention and/or polynucleotides encoding 
albumin fusion proteins of the invention. 

In a preferred embodiment, the autoimmune diseases and disorders and/or conditions 
associated with the diseases and disorders recited above are treated, prevented, diagnosed 
and/or prognosed using fusion proteins of the invention and/or polynucleotides encoding 
10 albumin fusion proteins of the invention. 

In preferred embodiments, fusion proteins of the invention and/or polynucleotides 
encoding albumin fusion proteins of the invention are used as a immunosuppressive agent(s). 

Albumin fusion proteins of the invention and/or polynucleotides encoding albumin 
fusion proteins of the invention may be useful in treating, preventing, prognosing, and/or 
15 diagnosing diseases, disorders, and/or conditions of hematopoietic cells. Albumin fusion 
proteins of the invention and/or polynucleotides encoding albumin fusion proteins of the 
invention could be used to increase differentiation and proliferation of hematopoietic cells, 
including the pluripotent stem cells, in an effort to treat or prevent those diseases, disorders, 
and/or conditions associated with a decrease in certain (or many) types hematopoietic cells, 
20 including but not limited to, leukopenia, neutropenia, anemia, and thrombocytopenia. 
Alternatively, fusion proteins of the invention and/or polynucleotides encoding albumin 
fusion proteins of the invention could be used to increase differentiation and proliferation of 
hematopoietic cells, including the pluripotent stem cells, in an effort to treat or prevent those 
diseases, disorders, and/or conditions associated with an increase in certain (or many) types 
25 of hematopoietic cells, including but not limited to, histiocytosis. 

Allergic reactions and conditions, such as asthma (particularly allergic asthma) or 
other respiratory problems, may also be treated, prevented, diagnosed and/or prognosed 
using fusion proteins of the invention and/or polynucleotides encoding albumin fusion 
proteins of the invention. Moreover, these molecules can be used to treat, prevent, prognose, 
30 and/or diagnose anaphylaxis, hypersensitivity to an antigenic molecule, or blood group 
incompatibility. 

Additionally, fusion proteins of the invention and/or polynucleotides encoding 
albumin fusion proteins of the invention, may be used to treat, prevent, diagnose and/or 
prognose IgE-mediated allergic reactions. Such allergic reactions include, but are not limited 
35 to, asthma, rhinitis, and eczema. In specific embodiments, fusion proteins of the invention 
and/or polynucleotides encoding albumin fusion proteins of the invention may be used to 
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modulate IgE concentrations in vitro or in vivo. 

Moreover, fusion proteins of the invention and/or polynucleotides encoding albumin 
fusion proteins of the invention have uses in the diagnosis, prognosis, prevention, and/or 
treatment of inflammatory conditions. For example, since fusion proteins of the invention 
and/or polynucleotides encoding albumin fusion proteins of the invention may inhibit the 
activation, proliferation and/or differentiation of cells involved in an inflanomatory response, 
these molecules can be used to prevent and/or treat chronic and acute inflammatory 
conditions. Such inflammatory conditions include, but are not limited to, for example, 
inflamimation associated with infection (e.g., septic shock, sepsis, or systemic inflammatory 
response syndrome), ischemia-reperfusion injury, endotoxin lethality, complement-mediated 
hyperacute rejection, nephritis, cytokine or chemokine induced lung injury, inflammatory 
bowel disease, Crohn's disease, over production of cytokines (e.g., TNF or IL-1.), 
respiratory disorders (e.g., asthma and allergy); gastrointestinal disorders (e.g., inflammatory 
bowel disease); cancers (e.g., gastric, ovarian, lung, bladder, liver, and breast); CNS 
disorders (e.g., multiple sclerosis; ischemic brain injury and/or stroke, traumatic brain injury, 
neurodegenerative disorders (e.g., Parkinson's disease and Alzheimer's disease); AIDS- 
related dementia; and . prion disease); cardiovascular disorders (e.g., atherosclerosis, 
myocarditis, cardiovascular disease, and cardiopulmonary bjrpass complications); as well as 
many additional diseases, conditions, and disorders that are characterized by inflammation 
(e.g., hepatitis, rheumatoid arthritis, gout, trauma, pancreatitis, sarcoidosis, dermatitis, renal 
ischemia-reperfusion injury. Grave's disease, systemic lupus erythematosus, diabetes 
mellitus, and allogenic transplant rejection). 

Because inflammation is a fundamental defense mechanism, inflanunatory disorders 
can effect virtually any tissue of the body. Accordingly, fusion proteins of the invention 
and/or polynucleotides encoding albumin fusion proteins of the invention, have uses in the 
treatment of tissue-specific inflammatory disorders, including, but not limited to, adrenalitis, 
alveolitis, angiocholecystitis, appendicitis, balanitis, blepharitis, bronchitis, bursitis, carditis, 
cellulitis, cervicitis, cholecystitis, chorditis, cochUtis, colitis, conjunctivitis, cystitis, 
dermatitis, diverticulitis, encephalitis, endocarditis, esophagitis, eustachitis, fibrositis, 
folliculitis, gastritis, gastroenteritis, gingivitis, glossitis, hepatosplenitis, keratitis, 
labyrinthitis, laryngitis, lymphangitis, mastitis, media otitis, meningitis, metritis, mucitis, 
myocarditis, myosititis, myringitis, nephritis, neuritis, orchitis, osteochondritis, otitis, 
pericarditis, peritendonitis, peritonitis, pharyngitis, phlebitis, poliomyelitis, prostatitis, 
pulpitis, retinitis, rhinitis, salpingitis, scleritis, sclerochoroiditis, scrotitis, sinusitis, 
spondylitis, steatitis, stomatitis, synovitis, syringitis, tendonitis, tonsillitis, urethritis, and 
vaginitis. 
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In specific embodiments, fusion proteins of the invention and/or polynucleotides 
encoding albumin fusion proteins of the invention, are useful to diagnose, prognose, prevent, 
and/or treat organ transplant rejections and graft-versus-host disease. Organ rejection occurs 
by host immune cell destruction of the transplanted tissue through an immune response. 
5 Similarly, an immune response is also involved in GVHD, but, in this case, the foreign 
transplanted immune cells destroy the host tissues. Polypeptides, antibodies, or 
polynucleotides of the invention, and/or agonists or antagonists thereof, that inhibit an 
immune response, particularly the activation, proliferation, differentiation, or chemotaxis of 
T-cells, may be an effective therapy in preventing organ rejection or GVHD. In specific 
10 embodiments, fusion proteins of the invention and/or polynucleotides encoding albumin 
. fusion proteins of the invention, that inhibit an immune response, particularly the activation, 
proliferation, differentiation, or chemotaxis of T-cells, may be an effective therapy in 
preventing experimental allergic and hyperacute xenograft rejection. 

In other embodiments, fusion proteins of the invention and/or polynucleotides 
15 encoding albumin fusion proteins of the invention, are useful to diagnose, prognose, prevent, 
and/or treat immune complex diseases, including, but not limited to, serum sickness, post . 
streptococcar glomerulonephritis, polyarteritis nodosa, and iimnune complex-induced 
vasculitis. 

Albumin fusion proteins of the invention and/or polynucleotides encoding albumin 
20 fusion proteins of the invention can be used to treat, detect, and/or prevent infectious agents. 
For. example; by increasing the immune response, particularly increasing the proliferation 
activation and/or differentiation of B and/or T cells, infectious diseases may be treated, 
detected, and/or prevented. The immune response may be increased by either enhancing an 
existing immune response, or by initiating a new immune response. Alternatively, fusion 
25 proteins of the invention and/or polynucleotides encoding albumin fusion proteins of the 
invention may also direcfly inhibit the infectious agent (refer to section of application listing 
infectious agents, etc), without necessarily eliciting an immune response. 

In another embodiment, albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention are used as a vaccine 
30 adjuvant that enhances immune responsiveness to an antigen. In a specific embodiment, 
albumin fusion proteins of the invention and/or polynucleotides encoding albumin fusion 
proteins of the invention are used as an adjuvant to enhance tumor-specific immune 
responses. 

In another specific embodiment, albumin fusion proteins of the invention and/or 
35 polynucleotides encoding albumin fusion proteins of the invention are used as an adjuvant to 
enhance anti-viral immune responses. Anti-viral immune responses that may be enhanced 



388 



wo 01/79444 



PCT/USOl/12013 



using the compositions of the invention as an adjuvant, include virus and virus associated 
diseases or symptoms described herein or otherwise known in the art. In specific 
embodiments, the compositions of the invention are used as an adjuvant to enhance an 
immune response to a virus, disease, or symptom selected from the group consisting of: 
5 AIDS, meningitis. Dengue, EBV, and hepatitis (e.g., hepatitis B). In another specific 
embodiment, the compositions of the invention are used as an adjuvant to enhance an immune 
response to a virus, disease, or symptom selected from the group consisting of: HIV/AIDS, 
respiratory syncytial virus. Dengue, rotavirus, Japanese B encephalitis, influenza A and B, 
parainfluenza, measles, cytomegalovirus, rabies, Junin, Chikungunya, Rift Valley Fever, 

10 herpes simplex, and yellow fever. 

In another specific embodiment, albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention are used as an adjuvant to 
enhance anti-bacterial or anti-fiingal immune responses. Anti-bacterial or anti-fungal immune 
resppnjses that may be enhanced using the compositions of the invention as an adjuvant, 

15 include bacteria or fungus and bacteria or fungus associated diseases or symptoms described 
herein or otherwise known in the art. In specific embodiments, the compositions of the 
invention are used as an adjuvant to enhance an immune response to a bacteria or fungus, 
disease, or symptom selected from the group consisting of: tetanus. Diphtheria, botulism, and 
meningitis type B.: 

20 In another specific embodiment, the compositions of the invention are used as, an 

adjuvant to enhance an immune response to a bacteria or fungus, disease, or symptom 
selected from the group consisting of: Vibrio cholerae, Mycobacterium leprae. Salmonella 
typhi, Salmonella paratyphi, Meisseria meningitidis. Streptococcus pneumoniae^ Group B 
streptococcus. Shigella spp,. Enterotoxigenic Escherichia coli, Enterohemorrhagic E. coli^ 

25 and Borrelia burgdorferi. 

In another specific embodiment, albiunin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention are used as an adjuvant to 
enhance anti-parasitic inunune responses. Anti-parasitic immune responses that may be 
enhanced using the compositions of the invention as an adjuvant, include parasite and parasite 

30 associated diseases or symptoms described herein or otherwise known in the art. In specific 
embodiments, the compositions of the invention are used as an adjuvant to enhance an 
immune response to a parasite. In another specific embodiment, the compositions of the 
invention are used as an adjuvant to enhance an immune response to Plasmodium (malaria) or 
Leishmania. 

35 In another specific embodiment, albumin fusion proteins of the invention and/or 

polynucleotides encoding albumin fusion proteins of the invention may also be employed to 
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treat infectious diseases including silicosis, sarcoidosis, and idiopathic pulmonary fibrosis; 
for example, by preventing the recruitment and activation of mononuclear phagocytes. 

In another specific embodiment, albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention are used as an antigen for 
5 the generation of antibodies to inhibit or enhance immune mediated responses against 
polypeptides of the invention. 

In one embodiment, albumin fusion proteins of the invention and/or polynucleotides 
encoding albumin fusion proteins of the invention are administered to an animal (e.g., mouse, 
rat, rabbit, hamster, guinea pig, pigs, micro-pig, chicken, camel, goat, horse, cow, sheep, 
10 dog, cat, non-hiunan primate, and human, most preferably human) to boost the immune 
system to produce increased quantities of one or more antibodies (e.g., IgG, IgA, IgM, and 
IgE), to induce higher affinity antibody production and immunoglobulin class switching 
(e.g., IgG, IgA, IgM, and IgE), and/or to increase an immune response. 

In another specific embodiment, albumin fusion proteins of the invention and/or 
15 polynucleotides encoding albumin fusion proteins of the invention are used as a stimulator of 
B cell responsiveness to pathogens. 

In another specific embodiment, albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention are used as an activator of 
T cells. 

20 In another specific embodiment, albumin fusion proteins of the invention and/or 

polynucleotides encoding albumin fusion proteins of the invention are used as an agent that 
elevates the immune status of an individual prior to their receipt of immunosuppressive 
therapies. 

In another specific embodiment, albumin fusion proteins of the invention and/or 
25 polynucleotides encoding albumin fusion proteins of the invention are used as an agent to 
induce higher affinity antibodies. 

In another specific embodiment, albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention are used as an agent to 
increase serum immunoglobulin concentrations. 
30 In another specific embodiment, albumin fusion proteins of the invention and/or 

polynucleotides encoding albumin fusion proteins of the invention are used as an agent to 
accelerate recovery of immunocompromised individuals. 

In another specific embodiment, albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention are used as an agent to 
35 boost immunoresponsiveness among aged populations and/or neonates. 

In another specific embodiment, albumin fusion proteins of the invention and/or 
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polynucleotides encoding albumin fusion proteins of the invention are used as an immime 
system enhancer prior to, during, or after bone marrow transplant and/or other transplants 
(e.g., allogeneic or xenogeneic organ transplantation). With respect to transplantation, 
compositions of the invention may be administered prior to, concomitant with, and/or after 
5 transplantation. In a specific embodiment, compositions of the invention are administered 
after transplantation, prior to the beginning of recovery of T-cell populations. In another 
specific embodiment, compositions of the invention are first administered after transplantation 
after the beginning of recovery of T cell populations, but prior to full recovery of B cell 
populations. 

10 In another specific embodiment, albumin fusion proteins of the invention and/or 

polynucleotides encoding albumin fusion proteins of the invention are used as an agent to 
boost immunoresponsiveness among individuals having an acquired loss of B cell function. 
Conditions resulting in an acquired loss of B cell function that may be ameliorated or treated 
by administering the albiunin fusion proteins of the invention and/or polynucleotides encoding 
. 15 albumin fusion proteins of the invention, include, but are not limited to, HIV Infection, 
AIDS, bone marrow transplant, and B cell chronic lymphocytic leukemia (CLL). 

In another specific embodiment, albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention are used as an agent to 
boost immunoresponsiveness among individuals having a temporary immune deficiency. 

20 Conditions resulting in a temporary immune deficiency that may be ameliorated or treated by 
administering the albumin fusion proteins of the invention and/or polynucleotides encoding 
albumin fusion proteins of the invention, include, but are not limited to, recovery from viral 
infections (e.g., influenza), conditions associated with malnutrition, recovery from infectious 
mononucleosis, or conditions associated with stress, recovery from measles, recovery from 

25 blood transfusion, and recovery from surgery. 

In another specific embodiment, albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention are used as a regulator of 
antigen presentation by monocytes, dendritic cells, and/or B-cells. In one embodiment, 
albumin fusion proteins of the invention and/or polynucleotides encoding albumin fusion 

30 proteins of the invention enhance antigen presentation or antagonizes antigen presentation in 
vitro or in vivo. Moreover, in related embodiments, this enhancement or antagonism of 
antigen presentation may be useful as an anti-tumor treatment or to modulate the inraiune 
system. 

In another specific embodiment, albumin fusion proteins of the invention and/or 
35 polynucleotides encoding albumin fusion proteins of the invention are used as an agent to 
direct an individual's immune system towards development of a humoral response (i.e. TH2) 
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as opposed to a THl cellular response. 

In another specific embodiment, albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention are used as a means to 
induce tumor proliferation and thus make it more susceptible to anti-neoplastic agents. For 
5 example, multiple myeloma is a slowly dividing disease and is thus refractory to virtually all 
anti-neoplastic regimens. If these cells were forced to proliferate more rapidly their 
susceptibility profile would likely change. 

In another specific embodiment, albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention are used as a stimulator of 
10 B cell production in pathologies such as AIDS, chronic lymphocyte disorder and/or Conunon 
Variable Immunodificiency. 

In another specific embodiment, albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention are used as a therapy for 
generation and/or regeneration of lymphoid tissues following surgery, trauma or genetic 
15 defect. In another specific embodiment, albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention are used in the pretreatment 
of bone marrow samples prior to transplant. 

In another specific embodiment, albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention are used as a gene-based 
20 therapy for genetically inherited disorders resulting in immuno- 
incompetence/immunodeficiency such as observed among SCID patients. 

In another »specific embodiment, albunmi fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention are used as a means of 
activating monocytes/macrophages to defend against parasitic diseases that effect monocytes 
25 such as Leishmania. 

In another specific embodiment, albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention are used as a means of 
regulating secreted cytokines that are elicited by polypeptides of the invention. 

In another embodiment, albumin fusion proteins of the invention and/or 
30 polynucleotides encoding albumin fusion proteins of the invention are used in one or more of 
the applications decribed herein, as they may apply to veterinary medicine. 

In another specific embodiment, albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention are used as a means of 
blocking various aspects of immune responses to foreign agents or self. Examples of 
35 diseases or conditions in which blocking of certain aspects of immime responses may be 
desired include autoimmune disorders such as lupus, and arthritis, as well as 
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immunoresponsiveness to skin allergies, inflammation, bowel disease, injury and 
diseases/disorders associated with pathogens. 

In another specific embodiment, albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention are used as a therapy for 
5 preventing the B cell proliferation and Ig secretion associated with autoimmune diseases such 
as idiopathic thrombocytopenic purpura, systemic lupus erythematosus and multiple sclerosis. 

In another specific embodiment, polypeptides, antibodies, polynucleotides and/or 
agonists or antagonists of the present fusion proteins of the invention and/or polynucleotides 
encoding albumin fusion proteins of tiie invention invention are used as a inhibitor of B 
10 and/or T cell migration in endothelial cells. This activity disrupts tissue architecture or 
cognate responses and is useful, for example in disrupting immune responses, and blocking 
sepsis. 

In another specific embodiment, albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion protoins of the invention are used as a therapy for 
15 chronic hypergammaglobulinemia evident in such diseases as monoclonal gammopathy of 
undetermined significance (MGUS), Waldenstrom's disease, related idiopathic monoclonal 
gammopathies, and plasmacytomas. 

In another specific embodiment, albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention may be employed for 
20 instance to inhibit polypeptide chemotaxis and activation of macrophages and their precursors, 
and of neutrophils, basophils, B lymphocytes and some T-cell subsets, e.g., activated and 
CDS cytotoxic T cells and natural killer cells, in certain autoimmune and chronic inflammatory 
and infective diseases. Examples of autoimmune diseases are described herein and include 
multiple sclerosis, and insulin-dependent diabetes. 
25 The albumin fusion proteins of the invention and/or polynucleotides encoding albumin 

fusion proteins of the invention may also be employed to treat idiopathic hyper-eosinophilic 
syndrome by, for example, preventing eosinophil production and migration. 

In another specific embodiment, albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention are used to enhance or 
30 inhibit complement mediated cell lysis. 

In another specific embodiment, albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention are used to enhance or 
inhibit antibody dependent cellular cytotoxicity. 

In another specific embodiment, albumin fusion proteins of the invention and/or 
35 polynucleotides encoding albumin fusion proteins of the invention may also be employed for 
treating atherosclerosis, for example, by preventing monocyte infiltration in the artery wall. 
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In another specific embodiment, albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention may be employed to treat 
adult respiratory distress syndrome (ARDS). 

In another specific embodiment, albumin fusion proteins of the invention and/or 
5 polynucleotides encoding albumin fusion proteins of the invention may be useful for 
stimulating wound and tissue repair, stimulating angiogenesis, and/or stimulating the repair of 
vascular or lymphatic diseases or disorders. Additionally, fusion proteins of the invention 
and/or polynucleotides encoding albumin fusion proteins of the invention may be used to 
stimulate the regeneration of mucosal surfaces. 

10 In a specific embodiment, albumin fusion proteins of the invention and/or 

polynucleotides encoding albumin fusion proteins of the invention are used to diagnose, 
prognose, treat, and/or prevent a disorder characterized by primary or acquired 
inmiunodeficiency, deficient serum inununoglobulin production, recurrent infections, and/or 
immune system dysfunction. Moreover, fusion proteins of the invention and/or 

15 polynucleotides encoding albumin fusion proteins of the invention may be used to treat or 
prevent infections of the joints, bones, skin, and/or parotid glands, blood-borne infections 
(e.g., sepsis, meningitis, septic arthritis, and/or osteomyelitis), autoimmune diseases (e.g., 
those disclosed herein), inflammatory disorders, and malignancies, and/or any disease or 
disorder or condition associated with tliese infections, diseases, disorders and/or 

20 malignancies) including, but not limited to, CVID, other primary immune deficiencies,. HIV 
disease, CLL, recurrent bronchitis, sinusitis, otitis media, conjunctivitis, pneumonia, 
hepatitis, meningitis, herpes zoster (e.g., severe herpes zoster), and/or Pneumocystis carnii. 
Other diseases and disorders that may be prevented, diagnosed, prognosed, and/or treated 
with fusion proteins of the invention and/or polynucleotides encoding albumdn fusion proteins 

25 of the invention include, but are not Umited to, HIV infection, HTLV-BLV infection, 
lymphopenia, phagocyte bactericidal dysfunction anemia, thrombocytopenia, and 
hemoglobinuria. 

In another embodiment, albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention are used to treat, and/or 
30 diagnose an individual having conmion variable immunodeficiency disease ("CVID"; also 
known as "acquired agammaglobulinemia" and ^.'acquired hypogammaglobulinemia") or a 
subset of this disease. 

In a specific embodiment, albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention may be used to diagnose, 
35 prognose, prevent, and/or treat cancers or neoplasms including immune cell or immune 
tissue-related cancers or neoplasms. Examples of cancers or neoplasms that may be 
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prevented, diagnosed, or treated by fusion proteins of the invention and/or polynucleotides 
encoding albumin fusion proteins of the invention include, but are not limited to, acute 
myelogenous leukemia, chronic myelogenous leukemia, Hodgkin's disease, non-Hodgkin's 
lymphoma, acute lymphocytic anemia (ALL) Chronic lymphocyte leukemia, plasmacytomas, 
5 multiple myeloma, Burkitt's lymphoma, EBV-transformed diseases, and/or diseases and 
disorders described in the section entitled "Hyperproliferative Disorders" elsewhere herein. 

In another specific embodiment, albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention are used as a therapy for 
decreasing cellular proliferation of Large B-cell Lymphomas. 
10 In another specific embodiment, albumin fusion proteins of the invention and/or 

polynucleotides encoding albumin fusion proteins of the invention are used as a means of 
decreasing the involvement of B cells and Ig associated with Chronic Myelogenous 
Leukemia. 

In specific embodiments, the compositions of the invention are used as an agent to 
15 boost immunoresponsiveness among B cell immunodeficient individuals, such as, for 
example, an individual who has undergone a partial or complete splenectomy. 

Blood-Related Disorders 

The albumin fusion proteins of the invention and/or polynucleotides encoding albumin 

20 fusion proteins of the invention may be used to modulate hemostatic (the stopping of 
bleeding) or thrombolytic (clot dissolving) activity. For example, by increasing hemostatic or 
thrombolytic activity, fusion proteins of the invention and/or polynucleotides encoding 
albumin fusion proteins of the invention could be used to treat or prevent blood coagulation 
diseases, disorders, and/or conditions (e.g., afibrinogenemia, factor deficiencies, 

25 hemophilia), blood platelet diseases, disorders, and/or conditions (e.g., thrombocytopenia), 
or wounds resulting from trauma, surgery, or other causes. Alternatively, fusion proteins of 
the invention and/or poljoiucleotides encoding albumin fusion proteins of the invention that 
can decrease hemostatic or thrombolytic activity could be used to inhibit or dissolve clotting. 
These molecules could be important in the treatment or prevention of heart attacks (infarction), 

30 strokes, or scarring. 

In specific embodiments, the albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention may be used to prevent, 
diagnose, prognose, and/or treat thrombosis, arterial thrombosis, venous thrombosis, 
thromboembolism, pulmonary embolism, atherosclerosis, myocardial infarction, transient 

35 ischemic attack, unstable angina. In specific embodiments, the albumin fusion proteins of the 
invention and/or polynucleotides encoding albumin fusion proteins of the invention may be 
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used for the prevention of occulsion of saphenous grafts, for reducing the risk of 
periprocedural thrombosis as might accompany angioplasty procedures, for reducing the risk 
of stroke in patients with atrial fibrillation including nonrheumatic atrial fibrillation, for 
reducing the risk of embolism associated with mechanical heart valves and or mitral valves 
5 disease. Other uses for the albumin fusion proteins of the invention and/or polynucleotides 
encoding albumin fusion proteins of the invention, include, but are not limited to, the 
prevention of occlusions in extrcorporeal devices (e.g., intravascular canulas, vascular access 
shunts in hemodialysis patients, hemodialysis machines, and cardiopulmonary bypass 
machines). 

10 In another embodiment, albumin fusion proteins of the invention and/or 

polynucleotides encoding albumin fusion proteins of the invention, may be used to prevent, 
diagnose, prognose, and/or treat diseases and disorders of the blood and/or blood forming 
organs associated with the tissue(s) in which the polypeptide of the invention is expressed. 

The fusion proteins of the invention and/or polynucleotides encoding albumin fusion 

15 proteins of the invention may be used to modulate hematopoietic activity (the formation of 
blood cells). For example, the albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention may be used to increase the 
quantity of all or subsets of blood cells, such as, for example, erythrocytes, lymphocytes (B 
or T cells), myeloid cells (e.g., basophils, eosinophils, neutrophils, mast cells, macrophages) 

20 and jplatelets. The ability to decrease the quantity of blood cells or subsets of blood cells, may 
be useful in the prevention, detection, diagnosis and/or treatment of anemias and leukopenias 
described below. Alternatively, the albumin fusion proteins of the invention and/or 
polynucleotides, encoding albumin fusion proteins of the invention may be used to decrease 
the quantity of all or subsets of blood cells, such as, for example, erythrocytes, lymphocytes 

25 (B or T cells), myeloid cells (e.g., basophils, eosinophils, neutrophils, mast cells, 
macrophages) and platelets.. The ability to decrease the quantity of blood cells or subsets of 
blood cells may be useful in the prevention, detection, diagnosis and/or treatment of 
leukocytoses, such as, for example eosinophilia. 

The fusion proteins of the invention and/or polynucleotides encoding albumin fusion 

30 proteins of the invention may be used to prevent, treat, or diagnose blood dyscrasia. 

Anemias are conditions in which the number of red blood cells or amount of 
hemoglobin (the protein that carries oxygen) in them is below normal. Anemia may be caused 
by excessive bleeding, decreased red blood cell production, or increased red blood cell 
destruction (hemolysis). The albunain fusion proteins of the invention and/or polynucleotides 

35 encoding albumin fusion proteins of the invention may be useful in treating, preventing, 
and/or diagnosing anemias. Anemias that may be treated prevented or diagnosed by the 
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albuinin fusion proteins of the invention and/or polynucleotides encoding albumin fusion 
proteins of the invention include iron deficiency anemia, hypochromic anemia, microcytic 
anemia, chlorosis, hereditary sideroblastic anemia, idiopathic acquired sideroblastic anemia, 
red cell aplasia, megaloblastic anemia (e.g., pernicious anemia, (vitamin B12 deficiency) and 
5 folic acid deficiency anemia), aplastic anemia, hemolytic anemias (e.g., autoimmune helolytic 
anemia, microangiopathic hemolytic anemia, and paroxysmal nocturnal hemoglobinuria). The 
albumin fusion proteins of the invention and/or polynucleotides encoding albumin fusion 
proteins of the invention may be useful in treating, preventing, and/or diagnosing anemias 
associated with diseases including but not limited to, anemias associated with systemic lupus 

10 erythematosus, cancers, lymphomas, chronic renal disease, and enlarged spleens. The 
albumin fusion proteins of the invention and/or polynucleotides encoding albumin fusion 
proteins of the invention may be useful in treating, preventing, and/or diagnosing anemias 
arising from drug treatments such as anemias associated with methyldopa, dapsone, and/or 
sulfadrugs. Additionally, fusion proteins of the invention and/or polynucleotides encoding 

15 albumin fusion proteins of the invention may be useful in treating, preventing, and/or 
diagnosing anemias associated with abnormal red blood cell architecture including but not 
limited to, hereditary spherocytosis, hereditary elliptocytosis, glucose--6-phosphate 
, dehydrogenase deficiency, and sickle cell anemia. 

' The albumin fusion proteins of the invention and/or polynucleotides encoding albumin 

20 fusion proteins of the invention may be useful in treating, preventing, and/or diagnosing 
hemoglobin abnormalities, (e.g., those associated with sickle cell anemia, hemoglobin C 
disease, hemoglobin S-C disease, and hemoglobin E disease). Additionally, the albumin 
fusion proteins of the invention and/or polynucleotides encoding albumin fusion proteins of 
the invention may be useful in diagnosing, prognosing, preventing, and/or treating 

25 thalassemias, including, but not limited to, major and minor forms of alpha-thalassemia and 
beta-thalassemia. 

In another embodiment, the albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention may be useful in 
diagnosing, prognosing, preventing, and/or treating bleeding disorders including, but not 

30 limited to, thrombocytopenia (e.g., idiopathic thrombocytopenic purpura, and thrombotic 
thrombocytopenic purpura). Von Willebrand's disease, hereditary platelet disorders (e.g., 
storage pool disease such as Chediak-Higashi and Hermansky-Pudlak syndromes, 
thromboxane A2 dysfunction, thromboasthenia, and Bemard-Soulier syndrome), hemolytic- 
uremic syndrome, hemophelias such as hemophelia A or Factor VII deficiency and Christmas 

35 disease or Factor IX deficiency. Hereditary Hemorhhagic Telangiectsia, also known as 
Rendu-Osler-Weber syndrome, allergic purpura (Henoch Schonlein purpura) and 
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disseminated intravascular coagulation. 

The effect of the albumin fusion proteins of the invention and/or polynucleotides 
encoding albumin fusion proteins of the invention on the clotting time of blood may be 
monitored using any of the clotting tests known in the art including, but not limited to, whole 
5 blood partial thromboplastin time (PTT), the activated partial thromboplastin time (aPTT), the 
activated clotting time (ACT), the recalcified activated clotting time, or the Lee- White Clotting 
time. 

Several diseases and a variety of drugs can cause platelet dysfunction. Thus, in a 
specific embodiment, the albumin fusion proteins of the invention and/or polynucleotides 

10 encoding albumin fusion proteins of the invention may be useful in diagnosing, prognosing, 
preventing, and/or treating acquired platelet dysfunction such as platelet dysfunction 
accompanying kidney failure, leukemia, multiple myeloma, cirrhosis of the liver, and 
systemic lupus erythematosus as well as platelet dysfunction associated with drug treatments, 
including treatment with aspirin, ticlopidine, nonsteroidal anti-inflammatory drugs (used for 

15 arthritis, pain, and sprains), and peiucillin in high doses. 

In another embodiment, the albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention may be useful in 
diagnosing, prognosing, preventing, and/or treating diseases and disorders characterized by 
or associated with increased or decreased numbers of white blood cells. Leukopenia occurs 

20 when the number of white blood cells decreases below normal. Leukopenias include, but are 
not limited to, neutropenia and lymphocytopenia. An increase in the number of white blood 
cells compared to normal is known as leukocytosis. The body generates increased numbers 
of white blood cells during infection. Thus, leukocytosis may simply be a normal 
physiological parameter that reflects infection. Alternatively, leukocytosis may be an indicator 

25 of injury or other disease such as cancer. Leokocytoses, include but are not limited to, 
eosinophilia, and accumulations of macrophages. In specific embodiments, the albumin 
fusion proteins of the invention and/or polynucleotides encoding albumin fusion proteins of 
the invention may be useful in diagnosing, prognosing, preventing, and/or treating 
leukopenia. In other specific embodiments, the albumin fusion proteins of the invention 

30 and/or polynucleotides encoding albumin fusion proteins of the invention may be useful in 
diagnosing, prognosing, preventing, and/or treating leukocytosis. 

Leukopenia may be a generalized decreased in all types of white blood cells, or may 
be a specific depletion of particular types of white blood cells. Thus, in specific 
embodiments, the albumin fusion proteins of the invention and/or polynucleotides encoding 

35 albumin fusion proteins of the invention may be useful in diagnosing, prognosing, 
preventing, and/or treating decreases in neutrophil numbers, known as neutropenia, 
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Neutropenias that may be diagnosed, prognosed, prevented, and/or treated by the albumin 
fusion proteins of the invention and/or polynucleotides encoding albumin fusion proteins of 
the invention include, but are not limited to, infantile genetic agranulocytosis, familial 
neutropenia, cyclic neutropenia, neutropenias resulting from or associated with dietary 
5 deficiencies (e.g., Adtamin B 12 deficiency or folic acid deficiency), neutropenias resulting 
from or associated with drug treatments (e.g., antibiotic regimens such as penicillin treatment, 
sulfonamide treatment, anticoagulant treatment, anticonvulsant drugs, anti-thyroid drugs, and 
cancer chemotherapy), and neutropenias resulting from increased neutrophil destruction that 
may occur in association with some bacterial or viral infections, allergic disorders, 

10 autoimmune diseases, conditions in which an individual has an enlarged spleen (e.g., Felty 
syndrome, malaria and sarcoidosis), and some drug treatment regimens. 

The albumin fusion proteins of the invention and/or polynucleotides encoding albumin 
fusion proteins of the invention may be useful in diagnosing, prognosing, preventing, and/or 
treating lymphocytopenias (decreased numbers of B and/or T lymphocytes), including, but 

15 not limited to, lymphocytopenias resulting from or associated with stress, drug treatments 
(e.g., drug treatment with corticosteroids, cancer chemotherapies, and/or radiation therapies), 
AIDS infection and/or other diseases such as, for example, cancer, rheumatoid arthritis, 
systemic lupus erythematosus, chronic infections, some viral infections and/or hereditary 
disorders (e.g., DiGeorge syndrome, Wiskott-Aldrich Syndome, severe combined 

20 inamunodeficiency, ataxia telangiectsia). 

The albumin fusion proteins of the invention and/or polynucleotides encoding albumin 
fusion proteins of the invention may be useful in diagnosing, prognosing, preventing, and/or 
treating diseases and disorders associated with macrophage numbers and/or macrophage 
function including, but not limited to, Gaucher' s disease, Niemann-Pick disease, Letterer- 

25 Siwe disease and Hand-Schuller-Christian disease. 

In another embodiment, the albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention may be useful in 
diagnosing, prognosing, preventing, and/or treating diseases and disorders associated with 
eosinophil numbers and/or eosinophil function including, but not limited to, idiopathic 

30 hypereosinophilic syndrome, eosinophilia-myalgia syndrome, and Hand-SchuUer-Christian 
disease. 

In yet another embodiment, the albumin fusion proteins of the invention and/or 
polynucleotides encoding albumin fusion proteins of the invention may be useful in 
diagnosing, prognosing, preventing, and/or treating leukemias and lymphomas including, but 
35 not limited to, acute lymphocytic (lymphpbleistic) leukemia (AUL), acute myeloid (myelocytic, 
myelogenous, myeloblastic, or myelomonocytic) leukemia, chronic lymphocytic leukemia 
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